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CHAPTER 1 
INTRODUCTION 



1.1 GENERAL 

The FPP8-A is a processor that performs arithmetic calculations with floating-point numbers. It is 
compatible with the FPP12-A instruction set and will run 088 FORTRAN IV without program modi- 
fication; with minor program changes, the FPP8-A will run FORTRAN IV at higher speeds. 

The FPP8-A consists of two interconnected, hex-size, printed-circuit modules that plug into the 
Omnibus of a PDP-8/A computer (hereafter, the terms "FPP" and "PDP-8" will be used instead of 
the full designations). There are no connections from the FPP to external devices, and the FPP derives 
all of its power from the Omnibus. When the PDP-8 is turned on, the FPP remains inactive until 
started by lOT instructions issued by the Central Processing Unit (CPU). Once started, the FPP 
retrieves instructions and operands from the PDP-8 memory by data breaks; many data manipulations 
and arithmetic calculations are then carried out independently of the CPU and at a higher speed than 
is possible with CPU timing. The FPP continues to run until halted by an lOT instruction or an FPP 
instruction, until it encounters numbers that are too large or too small to handle, or until the PDP-8 is 
halted. 

1.2 FPP/CPU INTERACTION 

The FPP and the CPU operate in parallel in the data break system. Two modes of parallel operation 
are possible. In the Interleaved mode, which is automatically entered when power is turned on, the 
FPP can use a maximum of every other memory cycle; this permits the PDP-8 to run at no less than 50 
percent of normal speed. In the Lockout mode, which is selected by an lOT instruction, the FPP can 
use consecutive memory cycles, as long as no interrupt requests are made by peripheral devices. If such 
a request is made, the FPP automatically goes to the Interleaved mode; when the interrupt request has 
been serviced, the FPP returns to the Lockout mode. 

1.3 FPP CALCULATING MODES 

The FPP can perform calculations in any one of three modes, namely. Floating Point (FP), Double 
Precision (DP), and Extended Precision (EP). The format of the data used in each of the calculating 
modes is also unique; both the modes and their respective formats are listed and explained in Table 1- 



Table 1-1 FPP8-A Calculating Modes and Data Formats 



Calculating Mode 


Description 


Floating Point (FP) 


Floating-point calculations are carried out with numbers having 
a 12-bit, signed, 2's-complement exponent and a 24-bit, signed, 
2's-complement fraction. Fraction calculations are made on a 
36-bit word, and the result is rounded off to 24 bits at the end of 
the arithmetic operation. The FPP automatically enters this 
mode when power is turned on, when either the CAF or FPICL 
lOT instruction is issued, or when the INIT key is pushed. 
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Table 1-1 FPP8-A Calculating Modes and Data Formats (Cont) 



Calculating Mode 


Description 


Floating Point (FP) 
(Cont) 


Data used in FP calculations is stored in the PDP-8 memory in 
this way: The exponent is stored in the memory location pointed 
to by the FPP instruction; the most-significant word (MSW) of 
the fraction is stored in the memory location immediately fol- 
lowing the exponent; the least-significant word (LSW) of the 
fraction is stored in the memory location immediately following 
the MSW. 



Double Precision (DP) 



Extended Precision (EP) 



Fixed-point calculations are carried out with numbers having a 
24-bit, signed, 2's-complement fraction. This mode is the same 
as the FP mode, except that the exponent is ignored and treated 
as if it were zero. 

Data used in DP calculations is stored in the PDP-8 memory in 
one of two ways, depending on the addressing mode used. For 
base page (12-bit direct) addressing the MSW of the fraction is 
stored in the memory location immediately following the loca- 
tion pointed to by the instruction; the LSW is stored in the next 
consecutive memory location. For other modes of addressing, 
the MSW is stored in the memory location pointed to by the 
instruction; the LSW is stored in the next consecutive memory 
location. 

Floating-point calculations are carried out with numbers having 
a 12-bit, signed, 2's-complement exponent and a 60-bit, signed, 
2's-complement fraction. Calculations are carried to 60 bits 
with no round-off. 

Data used in EP calculations is stored similarly to that of the FP 
mode; however, three additional locations are needed, with the 
LSW being stored in the fifth location following the exponent. 



1.4 FLOATING POINT CONCEPTS 

Various manipulations relating to floating-point arithmetic can be performed by the FPP logic. These 
are briefly described to familiarize the reader with basic concepts. The following descriptions are based 
on the FP calculating mode. 

1.4.1 Float 

When a number is floated, it is converted from its integer form to a fractional floating-point format. 
To float an integer, one places the number of significant bits of the calculating mode in the exponent 
(278 significant bits plus the sign bit), moves the binary point to reflect the value of the exponent, and 
then shifts ihe fraction left until the leading zeros are eliminated, decrementing the exponent with each 
shift. For example: To float the integer 128, write down the whole number 



then, write down 278 as the exponent 



1010.0; 



000 000 010 111; 
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move the binary point to reflect the exponent 

0.00 000 000 000 000 000 001 010; 

now shift the fraction left until the leading zeros are eliminated, decrementing the exponent with each 
shift 

000 000 000 1 00 0.10 1 00 000 000 000 000 000 000. 

The floating-point number is +.101 X 2^ the equivalent of 1010 (128). 

1.4.2 Fix (or Integerize) 

Fixing a number is the reverse process of floating. To fix a number one changes the exponent to 27g 
and then shifts the fraction right a number of times equal to the difference between 278 and the original 
exponent. Thus, to fix the number arrived at by the previous float, which was (in octal notation) 

0004 2400 0000; 

make the exponent 278 and shift the fraction right 238 places. The result is 

000 000 010 111 0.00 000 000 000 000 000 001 010. 

To obtain the integer, move the binary point to reflect the exponent, thereby obtaining 

1010.0. 

If the exponent is greater than 278, the floating-point number is too large to fix; the FPP uses the JAL 
instruction to check the possibility of fixing fractions. 

1.4.3 Normalize 

A non-zero floating-point number is normalized by shifting the fraction to the left until non-significant 
leading zeros are eliminated; each shift is accompanied by a subtraction from the exponent. The num- 
ber is normalized when the first two bits are different (i.e., 0.1 or 1.0) or when only the first two bits of 
the fraction are ones (i.e., the number is 60008). In DP mode, numbers are not normalized. 

1.4.4 Align 

Certain operations, such as addition and subtraction, require that numbers be aligned. For example, if 
two numbers are to be added, their exponents must be equal; if the exponents differ, the numbers must 
be aligned. That is, the exponent of the smaller number must be increased until it equals that of the 
larger number; each increase of the exponent must be accompanied by a right-shift of the smaller 
number's fraction. 

1.5 REFERENCES 

Normalization and alignment are discussed more fully and details concerning floating-point arithmetic 
are presented in the publication 8/ A Series Minicomputer Handbook, 1976-1977, available from DIG- 
ITAL. Other publications that contain instructive information about the FPP and its relationship to 
the PDP-8 are: 

a. FPP8-A Diagnostic, MAINDEC-08-DJFPA 

b. FPP8-A Instruction Test and Data Exerciser, MAINDEC-08-DJFPB 

c. PDP-8/E, 8/F, and 8/M Maintenance Manual 

d. PDP-8/A Miniprocessor User's Manual. 
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CHAPTER 2 
INSTRUCTION SET AND ADDRESSING 



2.1 FPP REGISTERS 

The FPP logic includes many data registers. Some registers are separate entities, while others occupy 
space in two high-speed, multiport RAMs that are part of the FPP's Data Path logic. Moreover, some 
registers are involved only with actual data calculations, while others are also instrumental in setting 
up and maintaining communication between the FPP and the PDP-8 CPU. These latter registers, 
which are mentioned frequently in the lOT and FPP instruction lists, are listed and described in Table 
2-1. 



Table 2-1 FPP Registers 



Register 


Function 


APTP (Active Parameter 
Table Pointer) 


The 15-bit APTP register in the Data Path logic is loaded with 
the PDP-8 memory address of the Active Parameter Table 
(API ) by lOT instructions (FPCOM and FPST). The APT con- 
sists of a block of 2, 8, or 11 consecutive memory locations that 
contain the following information (if the FPCOM instruction 
has directed a fast start (FS), only locations 1 and 2 are loaded 
into the FPP hardware; if a normal start is programmed, the 
information in either the first 8 locations (DP or FP mode) or 
all 1 1 locations (EP mode) are obtained by the FPP). 




Sequence of 
Memory Locations Contents of Location 




1 Field Bits 

Bits 0-2 = operand address field 
Bits 3-5 = Base register field 
Bits 6-8 = Index register address field 
Bits 9-11= FPC field 

2 FPC (Floating Program Counter) 12 low- 
order bits 

3 Index register address - 12 low-order bits 

4 Base register - 12 low-order bits 
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Table 2-1 FPP Registers (Cont) 



Register 


Function 


APTP 

(Cont) 


Sequence of 
Memory Locations 


Contents of Location 




5 

6 
7 
8 
9 
10 
11 


Operand address - 1 2 low-order bits (this 
word is ignored upon FPP start-up, but 
is filled upon FPP exit). 

FAC exponent 

FAC bits 0-1 1 

FAC bits 12-23 

FAC bits 24-35* 

FAC bits 36-47* 

FAC bits 48-59* 



* EP mode only 



FPC (Floating Program Counter) 
Command 


The 15-bit FPC register in the Data Path logic keeps track of the 
memory location of the FPP instructions. The register is 
initially loaded from the APT with the address of the MSW of 
the first instruction to be fetched. Each time an instruction word 
is fetched, the contents of the FPC are incremented (strictly 
speaking, only the MSW of a 24-bit instruction is fetched; the 
LSW is picked up by a memory-read operation). 

The 12-bit Command register in the Control logic is loaded 
from the PDP-8 Accumulator (AC) register by the FPCOM 
instruction. The register holds the following information. 




Bit 
Position 


Logic Level 
(l=high) 


Information 





1 

2 




1 



1 




Select FP mode 
Select DP mode 

If exponent underflow occurs, make 
result of calculation = and continue. 

If exponent underflow occurs, exit. 
Normal addressing 
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Table 2-1 FPP Registers (Cont) 



Register 


Function 


Command 


Bit 


Logic Level 




(Cont) 


Position 


(l=high) 


Information 






1 


Forbid access to 4K memory fields 
other than the one occupied by the 
last location of the APT. If bits (4:7) 
= 1111 (FS), the field bits will remain 
equal to the APT field bits when the 
FPC was obtained. Otherwise, the 
field bits will remain equal to the APT 
field when FAC bits 1 2-23 were ob- 
tained. In actual practice the APT is 
located where it does not cross a field 
boundary; hence, setting bit 2 forces 
all FPP operands and instructions to 
be in the same field as the APT. 
Attempts to cross field boundaries 
will then produce wrap-around within 
the APT field. 




3 





Disable FPP interrupt. 






1 


Enable FPP interrupt. 




(4:7) 


=1111 


Obtain and restore only the FPC on 
entry and exit. All other FPP registers 
retain their previous values. The 9 
most-significant field bits of the APT 
are ignored on entry and cleared upon 
exit. This mode of operation provides 
an extremely fast (2 cycle) start and 
exit, but sacrifices generality. 






^1111 


Obtain entire APT upon startup 
except for operand address. Restore 
entire APT upon exit, including 
operand address. 




8 





Interleaved operation 






1 


Lockout operation 




(9:11) 




Most-significant 3 bits of APT pointer. 



NOTE 
Upon application of power, the APT pointer 
is undefined. 
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Table 2-1 FPP Registers (Cent) 



Register 


Function 


Status 


The 12-bit Status register in the Control logic monitors some 
significant aspects of FPP operation; the contents of the regis- 
ter, which can be transferred to the PDP-8 AC register by the 
FPRST or FPIST instruction, represent the following 
information. 




Bit 
Position 


Logic Level 
(l=high) 


Information 










FP or EP mode 
DP mode 




1 




Trap instruction caused exit 




2 




FPHLT instruction caused exit 




3 




Attempted divide by zero caused exit. 
FAC not altered 




4 




Fraction overflow in DP mode caused 
exit 




5 




Exponent overflow caused exit 




6 




Exponent underflow has occurred. 
Exit on underflow is optional 




7 




FADDM or FMULM instruction 




8 





Interleaved operation 
Lockout operation 




9 




EP mode 




10 




FPP is currently paused. 




11 




FPP is currently in run state 


Field 


This is a 15-bit register located in the Data Path logic that is 
used only during initialization for temporary storage of the 
APTP field address. Do not confuse this register with the field 
bits contained in location 1 of the APT. 
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Table 2-1 FPP Registers (Cont) 



Register 


Function 


FAC (Floating 
Accumulator) 

OPADD (Operand 

Address) 

BR (Base) 
XO (Index) 


The FAC register has a function similar to the PDP-8 AC regis- 
ter; it can be loaded, stored, and tested, and arithmetic can be 
performed on its contents (FPP calculations take place in a 
scratchpad area and the results are stored in the FAC). The 
FAC occupies space in one of the Data Path random access 
memories (RAMs) and can comprise 2 (DP mode), 3 (FP 
mode), or 6 (EP mode) data locations. 

The 15-bit OPADD register in the Data Path logic holds the 
PDP-8 address of the instruction operand. At startup, the regis- 
ter is loaded with the contents of the FPC; thereafter, it is 
loaded during all data reference and trap instructions. At the 
conclusion of address decoding of a data reference instruction, 
OPADD contains the address of bits 12-23 of the operand 
fraction. 

The 1 5-bit BR register in the Data Path logic is loaded from the 
API during initialization. The address loaded into the register 
represents the base address, i.e., the origin for relative address 
calculations, and can be changed at any time with the SETB 
instruction. 

The 15-bit XO register in the Data Path logic is loaded from the 
APT during initialization. The address loaded into the register, 
which may be changed at any time with the SETX instruction, 
defines the location of the first of eight index registers. These 
registers may be loaded, retrieved, and used in address calcu- 
lations and are located in PDP-8 memory. 



2.2 FPP8-A lOT INSTRUCTIONS 

The PDP-8 lOT instrucfions relating to the FPP8-A are Usted and described in Table 2-2. Table 2-3 
lists and describes lOT instructions that are available for maintenance. All lOT instructions require 
one memory cycle. The FPP8-A uses device codes 55 and 56. 



Table 2-2 FPP8-A lOT Instructions 



Octal Code 


Mnemonic 


Description 


6551 
6552 


FPINT 
FPICL 


Skip if the FPP8-A flag is set. 

Produces same results as issuing initialize on the Omnibus. 
Initialize the FPP - clear flag, enable interleaved operation, 
stop the FPP, enable FP mode, clear all Status register flags. 
The APT pointer is not changed. 
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Table 2-2 FPP8-A lOT Instructions (Cont) 



Octal Code 


Mnemonic 


Description 


6553 


FPCOM 


If the FPP is not in a run state and the flag is not set, the FPP 
Command register is loaded with the contents of the PDP-8 
AC. The AC is not changed by this lOT. If the FPP is in a run 
state or if the FPP flag is set, the FPCOM instruction is 
ignored. 


6554 


FPHLT 


Force the FPP to exit, dump its status in the API , set the 
forced-exit bit in the Status register, and set the FPP flag at 
the end of the current instruction. The following special fea- 
tures apply: 

1 . If FPH LT is issued prior to FPST, the FPP will single- 
step. FPHLT must be issued after FPIST (or FPICL) and 
before FPST for each instruction the FPP is to single-step. 

2. If the FPP is currently in pause (result of FPAUSE 
instruction), the FPC will be decremented at exit. 

3. If FPHLT and FEXIT occur at virtually the same time 
(causing a common exit), the status bit indicating forced exit 
(bit 2) will be cleared. 


6555 


FPST 


If the FPP is not running and the FPP flag is not set, the 
contents of the AC are loaded into the 12 least-significant bits 
(LSBs) of the APTP register and the FPP is started. If the 
FPP is in the run state but paused, the FPST instruction will 
cause the FPP to continue. If the FPST instruction causes the 
FPP to start or continue, the next PDP-8 instruction is 
skipped. Unless the above conditions are met, the FPST 
instruction has no effect on the FPP and the PDP-8 skip does 
not occur. 


6556 


FPRST 


Read O'am transfer) the FPP Status register into the PDP-8 
AC. The FPRST lOT may be issued at any time. 


6557 


FPIST 


Skip if the FPP flag is set. If the skip occurs, read the FPP 
Status register into the PDP-8 AC, clear the status bits and 
the FPP flag. 


6567 


FPEP 


Select EP mode if ACO = 1 and the FPP is not in the run 
state. Then clear the AC. This command must be issued after 
the FPCOM (6553) lOT if EP mode is desired. 
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Table 2-3 FPP8-A Maintenance lOT Instructions 



Octal Code 



Mnemonic 



Description 



6550 

6560 
6561 



FFST 



FMODE 



6562 
6563 



FMRB 



6564 

6565 

6566 
6567 



FMRP 



FMDO 



FPEP 



Start maintenance firmware. Forces a jump to ^PC address 
17. This address, in turn, contains an unconditional jump to 
mPC address 1700, the actual beginning of the maintenance 
firmware. 

Not used. 

Enter Maintenance mode. This enabling instruction must be 
issued to cause the FPP to disable its internal free-running 
clock, and to cause the FPP to respond to lOT 6565. Mainte- 
nance mode is cleared by FPICL, FPIST (if the skip occurs), 
CAF and the initialize key. Entering Maintenance mode and 
issuing FPP instructions causes the FPP to function in an 
internal single-step mode. If the mPC is below 1000, the FPP 
will execute a data break for every FMDO instruction issued. 
Because of the way data breaks are synchronized on the 
Omnibus, this data break occurs after the memory cycle fol- 
lowing the lOT, i.e., there is a one-memory-cycle delay 
between FMDO and the FPP data break. For fiPC addresses 
of 1000 or higher, the FPP executes one microstep for every 
FMDO lOT. The FPP is clocked at the trailing edge of TP3 
of the FMDO lOT. Instructions that require possible modifi- 
cation of index registers will not work properly in mainte- 
nance mode (JNX, LDX, ADDX, and indexed addressing). 

Not used. 

Read Data buffer into AC (JAM transfer). This instruction 
may be executed in either Maintenance or Normal mode, but 
will result in erroneous information if the /iPC is above 1000 
and the FPP is in Normal mode. 

Read fiPC into AC (JAM transfer). This instruction may be 
issued in either mode, but will cause erroneous information 
to be read into bits 4-11 if the mPC is above 1000 and the FPP 
is in Normal mode. 

Execute one step if in Maintenance mode. This instruction is 
ignored if not in Maintenance mode. See FMODE JOT 
above. 

Not used. 

See description in Table 2-2. 
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2.3 FPP8-A OPERATING INSTRUCTIONS 

There are two basic classes of floating-point instructions: data reference instructions and special 
instructions. Data reference instructions perform arithmetic operations on specified data and transfer 
data between memory and the FAC. Special instructions cause jumps, branches, Index register modifi- 
cations, pointer moves, manipulations of the FAC, and various housekeeping movements (e.g., align- 
ment and normalization). 

2.3.1 Data Reference Instructions and Formats 

The 12 data reference instructions are listed in Table 2-4, along with a description of each. The oper- 
ation carried out by each instruction is noted in the Operation column. For example, the FLDA 
instruction causes the operand (i.e., the contents, "C," of the effective address, "Y") to be loaded into 
the FAC. Each of the instructions, except LEA and LEAI, can use any one of three modes to specify 
the effective address. The format of these modes is illustrated in Figure 2-1. Bits 0, 1, and 2 (which 
represent the op code) identify the instruction, while bits 3 and 4 identify the mode of addressing. The 
remaining bits of each instruction determine the operand address, as described by the equations below 
each format. For example, the operand address for the single word, direct reference format is derived 
by multiplying bits 5 through 1 1 by 3 and adding the result to the 7 (or 8, since the product might 
overflow) LSBs of the base address. 



Table 2-4 FPP8-A Data Reference Instructions 



Mnemonics 



Op Code 



Operation 



Description 



FLDA 



FADD 
FSUB 



FDIV 
FMUL 



FADDM 
FMULM 



FSTA 



IMUL 
IMULI 



LEA 
LEAI 







C(YHFAC 



C(Y)+C(FAC)^FAC 
C(FAC)-r(Y)^FAC 



C(FAC)/C(Y)^FAr 
C(FAC)*C(Y)^FAC 



C(Y)+C(FAC)^Y 
C(FAC)*C(Y)^Y 

C(FAC)^Y 

C(FAC)*C(YHFAC 



Y-*FAC 



The contents of tlie effective address are loaded into tlie FAC. If the mode is DP 
or FP, bits 24-59 of the FAC fraction are not used. 

The contents of the effective address are added to or subtracted from the contents 
of the FAC. In DP mode, no alignment or normalization occurs. The 24 bits from 
memory are combined with bits 0-23 of the FAC. 

In FP or EP mode, the two words are aligned by right-shifting the fraction with the 
lesser exponent until the two exponents are the same. In FP mode bits shifted out 
of bit 23 are shifted into bits 24-35. Bits shifted out of bit 35 (FP) or bit 59 (EP) 
are lost. The two fractions are then added or subtracted, using either the 24 MSB 
(FP) or all 60 bits (EP). The result is normahzed. In FP mode the result is then 
rounded. If either argument is zero, or if its exponent is of such a value that align- 
ment will shift the fraction completely out of its register, no shifting occurs. Under 
these circumstances, the FAC is either cleared or loaded with the contents of the 
effective address. 

The old FAC is the multiplier or dividend: the contents of the effective location are 
the multiplicand or divisor. For multiply, the 36 (FP or DP) or 72 (EP) MSB of the 
product are computed. For divide, the division is carried to 26 or 61 bits. Lesser 
bits of product, or the division remainder are lost. In DP mode, the result is rounded 
to 24 bits. In FP mode, the result is normalized and then rounded to 24 bits. In EP 
mode, the result is normalized and truncated to 60 bits. For division in FP and EP 
modes, a preliminary test is made to ensure that the divisor is a normalized number. 
If the divisor is not normahzed, it is first normalized before proceeding with the 
divide. This operation eliminates the possibility of divide overflow. 

The calculation described above under FADD or FMUL occurs, except that the FAC 
is not changed. The result of the computation is stored at the effective address. 

The contents of the FAC are stored at the effective address. The FAC is not changed. 

Available in DP mode only. The contents of the effective address are multiplied by 
the contents of the FAC, using the rules for integer arithmetic. (The binary point is 
to the right of bit 23.) The result is loaded into the FAC. A continuous test of over- 
flow is maintained. If overflow occurs, the 24 bits in the FAC are the 24 LSB of the 
answer, but an unknown number of MSB have been lost. 

Available in FP and EP modes only. The effective address (not its contents) is loaded 
into bits 9-23 of the FAC. FAC bits 0-8 are cleared. The mode is then changed to 
DP. 
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'CODE 

J. 





1 






OFFSET 








f 








> 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 



Y = BASE ADDRESS + 3* OFFSET 

A. SINGLE-WORD, DIRECT REFERENCE 



OP CODE 



■^ 1 + -^ 



XR FIELD BITS OF ADDRESS 

—A ., A . 



->r- 






1 


2 


3 


4 


5 


6 


7 


* 


9 


10 


11 


1 2 LSBs OF ADDRESS 


.„ 












> 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 



IF XR=0, Y= 15-BIT ADDRESS AS GIVEN. THE CONTENTS OF 
INDEX REGISTER ARE INCREMENTED IF BIT 5 IS LOGIC 1 , 
BUT ARE NOT USED AS PART OF THE ADDRESS CALCULATION. 

IF XR^O, Y=ADDRESS + M*C (XR), WHERE M=2 (DP), 3 (FP), 
OR 6 (EP). IF BIT 5 IS LOGIC 1 , THE CONTENTS OF THE 
ADDRESSED INDEX REGISTER ARE INCREMENTED BEFORE USE. 

B. DOUBLE-WORD, DIRECT REFERENCE 



OP CODE 


1 


1 


+ 




XR 




( 


)FFS] 


ET 


r -1 


f 


■ "^ ^r 




■\ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 



IF XR=0, Y=BITS 21-35 OF THE TRIPLE WORD LOCATED AT THE 
BASE ADDRESS + 3* OFFSET. IF BIT 5 IS LOGIC 1 , THE CONTENTS 
OF INDEX REGISTER ARE INCREMENTED, BUT ARE NOT USED 
AS PART OF THE ADDRESS CALCULATION. 

IF XR^O, Y=BITS 21-35 OF THE TRIPLE WORD LOCATED AT THE 
BASE ADDRESS + 3* OFFSET + M*C (XR), WHERE M=2, 3, OR 6. IF 
BIT 5 IS LOGIC 1 , THE CONTENTS OF THE ADDRESSED INDEX 
REGISTER ARE INCREMENTED BEFORE USE. 

C. SINGLE-WORD, INDIRECT REFERENCE 

Figure 2-1 Data Reference Formats 
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2.3.1.1 Single Word Direct Reference - The single word, direct reference format is employed when the 
operand is stored on the base page, which consists of a block of 384 12-bit locations. The origin of the 
base page is determined by the base address, which can be changed at any time; thus, the base page can 
encompass a block of locations anywhere in memory. The base address is contained in the BR, which 
is initially set from the APT and which can be changed with the SETS (Set Base Register) instruction. 
Data on the base page is stored in the FP format; i.e., the operand consists of three 12-bit words, 
namely, the 12-bit exponent followed by the 24-bit fraction. Consequently, 128 operands are available 
on the base page. The relative address of any operand exponent can be specified by multiplying the 
seven offset bits by 3. When this quantity is added to the base address, the location of the operand 
exponent is completely identified. 

2.3.1.2 Double Word Direct Reference - The double word, direct reference format allows one to 
specify the 15-bit absolute address of an operand. In addition, this format permits address indexing, 
which simplifies programming techniques like loop counting and manipulation of push-down stacks. 

Address indexing is accomplished by using the contents of an Index register to modify the 1 5-bit 
absolute address specified by the data reference instruction. There are eight consecutive 12-bit loca- 
tions in the PDP-8 memory that are designated as FPP Index registers. The address, XO, of the first of 
these registers is provided initially by the APT, but can be changed by the special SETX instruction 
whenever necessary. 

Bits 6, 7, and 8 (XR bits) of the double word, direct reference instruction identify Index registers 
through 7 in octal notation. If Index register is designated, no indexing is to be performed. Instead, 
the operand absolute address is given by bits 9-23 of the instruction, and the contents of Index register 
may or may not be incremented. However, if an Index register other than is specified, the 15-bit 
absolute address is modified by the contents of the selected Index register; note that the contents of the 
register may or may not be incremented before the operand address is calculated. 

2.3.1.3 Single Word Indirect Reference - Indexing is also permitted by the single word, indirect refer- 
ence instruction. Once again, bits 6, 7, and 8 identify the Index register that will be used in an address 
modification. However, in this case, the address is specified indirectly, using the base address as the 
point of reference. As before, bit 5 of the instruction determines if the contents of the Index register are 
incremented. 

2.3.2 Special Instructions and Formats 

The FPP special instructions are listed in Table 2-5, along with a description of each function. 



2-10 





Table 2-5 FPP8-A Special Instructions 




Mnemonic 


OP Code 




LTR 


0123456789 
10 10 COND X 


10 11 
X X 



Function 

Load Truth - If the condition is met, +1 (2000 0000 in DP mode) is loaded into 
the FAC. If the condition is not met, the FAC is cleared. 



Conditions: 



Octal Meaning 

FAC fraction = 

1 FAC fraction greater than or equal 

2 FAC fraction less than or equal 

3 Always 

4 FAC fraction not equal 

5 FAC fraction less than 

6 FAC fraction greater than 

7 FAC exponent greater than 27 (octal) 



Mnemonic OP Code 



TRAP 3, 
TRAP 4 



Trapped Instructions - The instruction trap status bit is set, and the FPP exits. 
The 15-bit address is placed in the APT. 



1 2 


3 


4 5 6 7 


8 


9 


10 11 


(3 or 4) 





X X X 


X 




MSB 


12 13 14 


15 


16 17 18 19 
LSB of Address 


20 


21 


22 23 



Mnemonic 










OP Code 










JNX 





12 ■ 


1 
1 
13 


2 


14 


3 


15 


4 5 6 
+ 

16 17 18 


7 
XR 

19 


8 
20 


9 

21 


10 11 
MSB 

22 23 



LSB of Address 

Function 

Jump if Index Register is non-zero - The specified Index register is incremented if 
bit 5 = 1 . If the (incremented) Index register is not 0, bits 9-23 are loaded into the 
FPC, causing a jump. 

Mnemonic OP Code 

JSR 1 2 3 4 5 6 7 8 9 10 1! 

1 MSB 






1 


2 


3 


4 


5 


6 


7 








1 








I 





1 


12 


13 


14 


15 


16 


17 


18 


IS 



19 20 21 22 23 
LSB of Address 

Function 

Jump and Save Return - A 'JA' to the current value of the FPC is constructed and 
stored in core memory locations BR+1 and BR+2. (1030+FPC field is stored in 
BR+I ; 1 2 LSB of FPC is stored in BR+2.) Instruction bits 9-23 are then loaded 
into the FPC. This instruction is one of two ways to call a subroutine. Return 
from the subroutine is made by either doing a JA to BR+I, or by doing an FLDA 
base followed by a JAC. The latter method is slightly slower, but much more 
general. 
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Table 2-5 FPP8-A Special Instructions (Cont) 



Mnemonic OP Code 

JSA 1 2 3 4 5 6 7 8 9 10 11 

10 10 10 MSB 

12 13 14 15 16 17 18 19 20 21 22 23 

LSB of Address 

Function 

Jump and Save at Address - A 'JA' to the current value of the FPC is constructed 
and stored in core memory at the address specified by bits 9—23 of the instruction. 
The FPC is then changed to equal 2+bits 9-23 of the instruction. This is the 
second method for calling a subroutine, and stores the return in two memory 
locations at the top of the subroutine. Return is accomplished by an unconditional 
jump to the subroutine entry point. 

Mnemonic OP Code 

SETB 01 23456789 10 11 

10 10 1 MSB 

12 13 14 15 16 17 18 19 20 21 22 23 

LSB of Address 

Function 

Set Base Register - Bits 9-23 are loaded into the BR. 



Mnemonic 










OP Code 








SETX 





1 


2 


3 


4 5 6 


7 


8 


9 10 11 










1 





1 








MSB 




12 


13 


14 


15 


16 17 18 


19 


20 


21 22 23 












LSB of Address 







Function 

Set Index Register Pointer - Bits 9-23 are loaded into XO. 

Mnemonic OP Code 



BRANCH 
INSTRUCTIONS 






1 



2 
1 


3 



4 5 6 7 8 
COND 


9 10 11 
MSB 




12 


13 


14 


15 


16 17 18 19 20 
LSB of Address 


21 22 23 



Function 

Branch Instructions - If condition is met, bits 9-23 are loaded into the FPC, 

causing a jump to that address. 



Meaning 

If FAC fraction = 
If FAC fraction greater than or equal 
If FAC fraction less than or equal 
Always 

If FAC fraction not equal 
If FAC fraction less than 
If FAC fraction greater than 
If FAC exponent greater than 27 (octal). This con- 
dition signifies that the FAC contains a number too 
large to be fixed in 24 bits. 



Conditions: 


Oct 


JEQ 





JGE 


1 


JLE 


2 


JA 


3 


JNE 


4 


JLT 


5 


JGT 


6 


JAL 


7 



2-12 



Table 2-5 FPP8-A Special Instructions (Cont) 

Mnemonic OP Code 

ADDX i 2 3 4 5 6 7 8 9 10 iT 

OOOOOIOOl XR 

12 13 14 15 16 17 18 19 20 21 22 23 

Data 

Function 

Add to Index Register — Bits 1 2-23 are added to the contents of the Index 
register specified by bits 9-11. 



Mnemonic 










OP Code 




LDX 




1 



2 



3 




4 5 6 7 
10 


8 9 10 11 
XR 






12 13 


14 


15 


16 17 18 19 
Data 


20 21 22 23 


Function 

Load Index 
bits 9-11. 


Register 


- Bits 12- 


-23 are loaded into the Index register specified by 


Mnemonic 










OP Code 





ALN 01 23456789 10 11 

000000001 XR 

Function 

In FP and EP mode, the fraction of the FAC is shifted until the FAC exponent 
equals the contents of the index register specified by bits 9—1 1. If bits 9—1 1 
of the instruction are zero, the fraction of the FAC is shifted until the FAC 
exponent equals 27 octal (23 decimal). 

In DP mode, an arithmetic shift is performed on the FAC. The number of shifts 
is equal to the value of the contents of the Index register specified by bits 9-11. 
The sign of the Index register indicates the direction of shift; a positive sign causes 
a shift toward the LSB. If the shift is toward the least significant bit, vacated bits 
are filled with FACO. If the shift is toward the most significant bit, vacated bits 
are filled with zeros. If bits 9-11 of the instruction are zero, a 23-bit right shift 
of the FAC is performed. 

Mnemonic OP Code 

ATX 01 23456789 10 11 

000000010 XR 

Function 

FAC to Index Register - If the mode is FP or EP, the contents of the FAC are 
fixed (i.e., shifted until the exponent = 27 octal) ATX does not test to see if fixing 
is possible. If the mode is DP, the contents of the FAC are already fixed, so this 
portion is omitted. Bits 1 2-23 of the result are then loaded into the Index 
register specified by bits 9-11. The FAC is not changed by the ATX instruction. 
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Table 2-5 FPP8-A Special Instructions (Cont) 



Mnemonic 



OP Code 



XTA 






1 


2 


3 


4 


5 


6 
























9 10 11 
XR 



Function 

Index Register to FAC — The contents of the Index register specified by bits 
9-1 1 are loaded into FAC 1 2-23. FAC 0-1 1 is loaded with the contents of 
FAC 12. 

FAC 24-59 are cleared, 27 octal is then loaded into the FAC exponent. If the 
mode is FP or EP, the FAC is then normalized. (The normalizing operation is 
omitted in DP mode.) 



Mnemonic 


OP Code 


Function 


NOP 


004X 


No Operation - None, other than a 1 -cycle delay 
in the program. This is the only instruction which 
will always remain a NOP despite future expansion. 


STARTE 


005 X 


Start Extended-Precision Mode - The FPP enters 
EP mode. If the FPP was previously in a mode 
other than EP, FAC 24-59 are cleared. 


FEXIT 


0000 


Exit Floating-Point - The contents of the FPP 
registers are dumped onto the active parameter 
table, the FPP is stopped, and the FPP flag is set. 


FPAUSE 


0001 


Pause - Suspend FPP operations without updating 
the APT. lOT FPST will cause the FPP to continue. 


FCLA 


0002 


Clear the FPP Accumulator - Make the FAC fraction 
zero. If the calculating mode is FP or EP, make the 
FAC exponent zero, also. 


FNEG 


0003 


Complement the FPP Accumulator - The FAC 
fraction is replaced by its 2's complement. 


FNORM 


0004 


Normalize - If the FAC fraction is non-zero, and if 
the FPP mode is FP or EP, the FAC fraction is 
shifted toward the MSB until the two MSBs are 
different from each other or until the FAC fraction 
equals 6000 0000. The FAC exponent is decremented 
by one for each position shifted. If the FAC fraction 
is 0, or if the mode is DP, no operation is performed. 


STARTF 


0005 


Enter 24-Bit Floating Point Mode - The FPP enters 
FP mode. If issued in EP mode, the FAC is rounded 
to 24 bits. 


STARTD 


0006 


Enter Double-Precision Mode - The FPP enters DP 
mode. If issued in EP mode, the FAC is chopped to 
24 bits. The FAC exponent is ignored, but not 
modified. 


JAC 


0007 


Jump Per FAC - FAC bits 9-23 are loaded into the 
FPC. 
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CHAPTER 3 
FPP8-A FIRMWARE 



3.1 GENERAL 

The FPP8-A is a processor that performs arithmetic operations using floating-point arithmetic. Any 
logic operations that the FPP may carry out are performed as a secondary role to the primary function 
of arithmetic calculation. Whatever the operation may be, it is initiated by lOT instructions issued by 
the PDP-8 CPU. The lOT instructions specify what the FPP is to do, how it is to do it, what it should 
do when finished, and, most importantly, where it can find the data that it is to work with. 

When all the necessary initializing information has been provided, the FPP is started. It begins by 
fetching its first instruction from PDP-8 memory via the PDP-8 data break system. This instruction 
could be one that merely directs the FPP to load one of its registers, for example, an operation that can 
be earned out in a few steps, or it could be one that directs the FPP to perform a division calculation, 
an operation that requires many steps before a result is obtained. In either case, the FPP logic proceeds 
through a sequence of actions that depends on the fetched instruction. This sequence is programmed 
by an internal (to the FPP) read-only memory (ROM) called the Control ROM. 

Every location in the Control ROM contains information that causes a particular operation to occur 
in the FPP logic; instructions are carried out by stringing together these locations in a specific 
sequence. The starting point for the sequence is always determined during initialization by the lOT 
instructions, which cause the address of the starting Control ROM location to be loaded into a Micro 
Program Counter (/iPC). The mPC then accesses that location, and the information stored therein 
causes some FPP operation to take place. The stored information includes the address of the next 
Control ROM location in the sequence. This next address is loaded into the/iPC and new information, 
including the next address in the sequence, is accessed and acted on. Thus, the sequence is self-perpetu- 
ating. When all the steps required by the instruction being performed have been completed, the FPP 
makes an exit test; that is, should it end the sequence or continue it? If the exit test directs that the 
sequence end, the FPP stops with a specific address in the fiPC and raises its interrupt request flag The 
sequence can be restarted only by an lOT instruction. On the other hand, if the exit test does not call 
for a halt, the FPP continues to access locations, fetching the next FPP instruction from the PDP-8 
memory and following a sequence determined by that instruction. 

The sequence of FPP operations can be characterized by firmware, that body of information that is 
neither software nor hardware, but which provides firm, formalized descriptions of the FPP oper- 
ations. This firmware consists of a general flow diagram, a Control ROM pattern specification, and a 
Control ROM source code. All of these firmware examples will be discussed in detail in the following 
sections. 
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3.2 FLOW DIAGRAM 

Figure 3-1 shows a flow diagram that illustrates the general sequence of Control ROM locations that 
occurs for each FPP instruction. A sequence begins when address 0020 is loaded into the mPC register, 
i.e., when an instruction is fetched. Fetch can occur in one of three ways: If the FPP has just been 
started by the FPCOM and FPST instructions, the APT contents will be loaded into the appropriate 
registers, and the first FPP instruction will be fetched from the memory location specified by the FPC 
register contents; if the FPP is paused in the RUN state, the FPST instruction will cause it to continue 
by fetching a new instruction; or, if an instruction has just been concluded, the fetch can result after an 
exit test is made. 

When the instruction has been fetched it is apphed to decoding circuits in the Control logic. ^PC 
address 0023 causes a characteristic address to be generated; this address is then loaded into the jttPC 
and the logic operations pecuHar to the decoded instruction are started. For example, if the special 
instruction SETX is decoded, ulPC address 0023 is replaced by 0034. A sequence of steps, beginning 
with 0034, is carried out, and when the SETX operations have concluded an exit test is made. If an exit 
is not directed, a new instruction is fetched and decoded, and address 0023 dispatches a new address to 
the mPC. 

If a Data Reference instruction is fetched, an address calculation must be performed to determine the 
PDP-8 memory address of the data. Instruction Dispatch 1 causes the appropriate Control ROM 
location to be accessed. When the operand memory address has been calculated, Instruction Dispatch 
2 transfers control to a data-handling routine. For example, if an FLDA instruction is decoded, con- 
trol is transferred to Control ROM location 0200, which begins an operation that loads the data into 
the FAC register. However, if the Data Reference instruction is one that requires an arithmetic calcu- 
lation, as opposed to one that merely transfers data (like FLDA or LEA), control passes to one of the 
two preliminary arithmetic routines, GETN and GETARG. Then, the final instruction dispatch is 
performed and the mPC is loaded with the first address of the appropriate arithmetic routine. 

All instruction operations conclude with an exit test. If an exit has been directed by some logic condi- 
tion, the APT is stored in memory. Then, the /uPC is loaded with address 0001, the interrupt request 
flag is raised, and the FPP halts until serviced by the PDP-8. 

3.3 CONTROL ROM PATTERN SPECIFICATION AND SOURCE CODE 

The Control ROM is comprised of 31 1024-bit PROMs that are arranged to provide a total of 1400 
(768 lo) 44-bit word locations. Each 44-bit word consists of a number of individual control words, 
ranging in length from 1 bit to 10 bits. These control words determine how the FPP logic is manipu- 
lated to carry out the operations specified by the FPP instructions. 

A complete pattern specification for the Control ROM is contained in the FPP8-A print set. This 
specification lists each mPC address ('VPC Address" and "Control ROM location" are synonomous), 
the names of the individual control signals, and the state of all signals for each address. Figure 3-2 
represents a portion of the specification for information. The functions of each Control ROM address 
are listed in the Control ROM source code, which is also included in the print set. A portion of this 
document is reproduced in Figure 3-3. This example describes the Data Path and Control operations 
for the mPC addresses shown in Figure 3-2. (The pattern specification and the source code are here- 
inafter referred to, jointly, as "the firmware.") 

One can solve the intricacies of the FPP logic by applying the information given in the pattern specifi- 
cation and the source code to the logic diagrams. However, one cannot make use of the source code 
without first understanding its somewhat complex language syntax. This syntax is described fully in 
Appendix A; study it before continuing with this description. 



3-2 



d^iy 



nPC=300 
-H "GETAPT" 
(FIELD.FPC) 




FS ^S 


NO 






( CONTINUE j 




FLAG . 




i 




' 




\ 


YES 


mPC=303 
GET REST 
OF APT 
























' 


mPC=20 










mPC= 


107 






"FETCH" 



D 



mPC=23 
INSTR DISP I 



/jPC=102 
DIR ADOR 

(DP) 



mPC=100 
DIRAODR 
(NOT DP) 



mPC=112 
24-BIT 
INC XO 



mPC=110 

24-BIT 

INDEX 



mPC=130 

INDIRECT 

INDEX 



luPC=114 
24BIT 



/jPC=134 
INDIRECT 



mPC=132 
INDIRECT 
INC XO 



ADDRESS 
CALC. 



HPC»34 
"SETX" 



mPC=100, 102, 140 OR 156 
"INSTR DISP 2" 



ALL OTHER 



FSTA 



WPC=240 
"GETARG" 



>iPC=260 
"GETN" 



mPC=220 
OR 224 
"STORE" 



wPC=200 
"LOAD" 



«PC=2S6 
"LEA" 



(iPC=1027 OR 1037 
"INSTR DISP 3" 



mPC=1401 
"FADD" 



mPC=1400 
"DPADD" 



mPC=1403 
"FDIV" 



)jPC=1402 
"FMUL" 



mPC=1404 
"IMUL" 



I 



hE> 



luPC=40 
"LDX" 



mPC=36 
"SETB" 



»<PC=50 
"JSA" 



mPC=44 
"ADDX" 



mPC=14 

BRANCH 

TRUE 



(iPC=60 
"JSR" 



mPC=70 

ALN 

(NOTXO) 



HPC=26 
"JNX" 



mPC=72 
"XTA" 



mPC=1030 
ALN (XO) 



-E> 



Figure 3-1 FPP8-A Instruction Flow Diagram 
(Sheet 1 of 2) 
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<^ 



HPC=23 
INSTR. DISP. 1 



jiPC-1016 
LTR(I) 



mPC=1040 
ATX 



<Z} 



mPC-1014 
"JAC" 



mPC=1026 
LTR (0) 



mPC-1004 
"FNEG" 



nPC=1006 
"FNORM" 



juPC=1010 
"STARTF" 



mPC=1002 
"FCLA" 



(iPC=1020 
"STARTE" 



(iPC=1012 
"STARTD" 



mPC=1024 
BRANCH 
F • EXIT 



mPC=2 
"FPAUSE" 



"EXTESr 



mPC=1000 
"EXSTRT" 



mPC=74 
"TRAP" 



mPC=24 
BRANCH 
F • NO EXIT 



mPC=1000 




iuPC=157 



STORE 




STORE 


FPC, FIELD 




ENTIRE 


ONLY 




APT 



(iPC=324 



(iPC=1 
FLAG 



08-1 746 



Figure 3-1 FPP8-A Instruction Flow Diagram 
(Sheet 2 of 2) 
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UPC 

ADDR AAAA BBBB BCCC CCDD DEFH JJKL MMMM MNPP PPPP PPPP RRRR 

0, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LHHH HHHH HHLL HHHH 

1, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LHHH HHHH HHHL HHHH 

2, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LHHH HHHH HHLH HHHH 

3, HHHH HHLL HHHH HHHH HHHL LLHL HHHH LHHH HHHH HHHH HLLL 

6, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LHHH HHHL HHHH HLLL 

7, HHLH HHLL HLLH HLXX XHLH HHHH HHHH LHHH HHHH HHHH HLLL 
13, HHHH HHLH HLLH HHXX XHLH HHHH HHHH LHHH LLHH HHHH HLLL 

16, HHHH HHHH HHHL HHXX XHLH HHHL HHHH LHLH HHHH HHHH HLLL 

17, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LHLL LLHH HHHH HLLL 

4, HHHH HHHH HHHH HLXX XHLH HHHL HHHH HHHH HHHH HHHH HLLL 

5, HHHH XXXX XHHH HHXX XHHH LLHH HHLL LHHH HHHH HHHH HLHH 

10, HHHH HHHL LHHH HLXX XHLH HHHL HHHH HHHH HHHH HHHH LLLH 

11, HHHH XXXX XHHH HHXX XHHH HHHH HHHH HHHH HHHH HHHH HLLL 

12, HHHH XXXX XHHH HHXX XHHH LLHH HHLL LHHH HHHH HHHH HLHH 



H=HIGH, L=LOW, X="DON'T CARE" 

(X IS ENCODED IN ROM AS L) 

COLUMN SIGNALS DRIVEN (TO Jl) 

A CBS ARITH H - CBS ARITH 3 H 

(INVERTED) 
B CBS ALOC L - CBS ALOC 4 L 

C CBS BRLOC L - CBS BRLOC 4 L 

D CBS BWLOC L - CBS BWLOC 2 L 

E CBS CARRY BIT L 

F CBS WRITE A H (INVERTED) 

H CBS WRITE B H (INVERTED) 

J CB6 DB CTRL 1 L - CB6 DB CTRL 2 L 

K CB6 EXTEND H (INVERTED) 

L CB6 READ A H (INVERTED) 

COLUMN SIGNALS DRIVEN (USED INTERNALLY) 

M CB6 UPCTRL L - CB6 UPCTRL 4 L 

N CB6 B SEL L 

P CB6 UP2 IN L - CB6 UPl 1 IN L 

R (USED ON DWG. CB4 TO CONTROL PULSE 

GATING AND TO GENERATE CB4 BRK RQ H 



Figure 3-2 Example, Control ROM Pattern Specification 
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/ADDRS NEXT DATA PATH OPERATION TIME CTRL FUNCTION 

*0 

HALTED, NO OPERATION TS3 GO TO, HLTDl (3) 

1 FLAG, NO OPERATION TS3 GOTO, FLAG (1) 

2 PAUSED, NO OPERATION TS3 GO TO, PAUSED (2) 

*3 

/"DB:=MD" IN THE NEXT LINE IS A KLUDGE. THE DB IS REALLY LOADED 

/FROM THE DATA LINES OF THE OMNIBUS (THIS STEP ONLY) 

3 HLTDl, DB:=MD; TEMP:=FIELD T4 GO TO, HALTED (0) 

II II II II 1 1 nil II III linOl AREA llllllllllllllllllllllllll 
/FPST AND CONTINUE CONDITION 

*6 

6 FCONT, NO OPERATION T4 GO TO, FETCH (20) 

/FPCOM 

7 FPCOM, FIELD:=[R3R] DB T4 GO TO, HALTED (0) 

/FPST AND START CONDITION 
*13 
13 FPST, APTP-TEMP(1:3),DB T4 GO TO, GET APT (300) 

/FPHLT lOT GIVEN WHILE FPP IS PAUSED. BACK UP FPC, EXIT. 

*16 

16 FPHLT, FPC:=FPC[+]M1 T4 GO TO, EXSTRT (1000) 

/JUMP TO MAINTENANCE PROGRAM 
*17 

17 MAINT, NO OPERATION T4 GO TO, MAINT1(1700) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I DATA BREAK AREA 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 

/SUBROUTINE - GET SECOND HALF OF 24-BIT INSTRUCTION 

*4 

4 INST24, FPC:=FPC[+]K1 T4 BKCMD:=0 

5 DB:=MD BTl RETURN 

/SUBROUTINE - GET WORD AT NEXT OPADD, BUMP OP ADD 





*10 








10 


NEXTOP, 


BKMA, 0PADD-0PADD[+]K1 


T3 




11 


NXTOPl, 


NO OPERATION 


T4 


BKCMD:=0 


12 




DB:=MD 


BTl 


RETURN 



Figure 3-3 Example, Control ROM Source Code 
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3.3.1 'GETAPT' Firmware 

The FPP flow diagram, illustrated in Figure 3-1, begins at START and then passes to a block entitled 
GETAPT. This block represents the transfer of the APT from PDP-8 memory to the appropriate FPP 
registers. The firmware describing this transfer operation will be explained in detail so as to provide 
some insight not only to the firmware but also to the FPP logic. The firmware for the GETAPT 
routine is shown in Figure 3-4 (this is not the entire APT firmware; only the part dealing with a Fast 
Start is shown). Certain Data Path pattern specification signals are called out in the figure; the signifi- 
cance of these call-outs will be explained. 

The GETAPT routine is started when address 300 is clocked into the ^PC register (Paragraph 4.2.7, 
Clock Logic, describes the initialization procedure that precedes GETAPT). Signals asserted by the 
Control ROM during address 300 both direct the Data Path to read the contents of the APTP register 
and send them to the BKMA register, and cause the break control logic in the Data Path to begin data 
break operations. The Control ROM signals (except those pertaining to the data break control logic) 
are loaded into Pipe-line registers in the Data Path at T3 time, and the fiPC address is changed to 301. 
The Pipe-line registers and a number of PROMs driven by the register outputs, produce signals that 
gate the APTP register contents to the BKMA/BKEM A register (these contents are the address of the 
first word of the APT, which contains field address information). Meanwhile, the data break control 
logic is both carrying out a priority test to determine if an FPP data break can be started, and pre- 
paring to assert Omnibus data break signals that can cause a memory read to take place (the control 
statement 'BKCMD: = 4' means that signals BKCMD (0:2) L are asserted in a combination that will 
produce a memory-read data break transfer). At T4 time the ixPC address is changed to 302 and, if the 
FPP has priority, which we assume it has, the APT pointer address is loaded into the 
BKMA/BKEMA register and the Omnibus data break control signals are asserted. Thus, a PDP-8 
data break takes place with a memory read at the address specified by the contents of the APTP 
register. Note that a one-step delay has occurred between the Data Path statement and its fulfillment - 
an important point to understand and remember. In the rest of the discussion, this delay will be 
implied by describing the Data Path statement in this manner: the APTP is sent to the BKMA. When 
reading such a statement, keep in mind the fact that the destination, the BKMA in this example, is not 
loaded until one step later in the firmware. 

The Control ROM is now in location 302, during which the MD is sent to the DB. The Control tests its 
Command register to see if a Fast Start (FS) has been programmed. We assume that it has; hence, 
Control loads address 317 into the /tPC register at BTl time. Meanwhile, the information in the 
addressed memory location has been read from memory and strobed onto the MD lines; the informa- 
tion settles on the bus between BTl time and T2 time. Consequently, the information read from 
memory during the data break is loaded into the DB at T2 time, while the Control is obtaining the 
contents of ^PC address 317. 

During address 317, the DB is sent to TEMA, a 15-bit register in the Data Path's A-file (TEMA is now 
temporarily holding field address information). At T2 time. Control jumps to the ^PC address of the 
subroutine APTl. Location 321 adds 1 (Kl) to the contents of the APTP register and sends the 
incremented address back to the APTP, to TEMPI, a B-file register, and to the BKMA/BKEMA. 
This address is the memory address of the second word of the APT. This second word contains the 
low-order address bits of the first FPP instruction to be fetched, and will be loaded into the Data Path 
FPC register. The field address of the first FPP instruction was located in bits 9-1 1 of the first word in 
the APT. Hence, this field address is now located in TEMA. 

During /iPC address 322, the TEMA register is rotated right three places and sent to the TEMP 
register and back to TEMA; the field address of the first FPP instruction is now located in bits (1:3) of 
both TEMA and TEMP. The data break operations cause word two of the APT to be gated onto the 
MD lines (BKCMD:=4). The MD is sent to the DB during address 323, and TEMPI is sent to the 
OPADD register (the latter operation has significance only if the entire APT is being picked up and the 
operating mode is EP). 
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300 
301 
302 



/GET ACTIVE PARAMETER TABLE 

*300 

GETAPT, BKMA:=APTP 

NO OPERATION 

DB:=MD 



T3 
T4 
BTl 



/FAST START - FS=1 . GET FPC ONLY, THEN GO TO FETCH 



317 APT2, TEMA:-DB 

321 APTl, BKMA, TEMPI, APTP:=APTP[+]K1 

322 APTIB, TEMP,TEMA:=[R3R]TEMA 

323 DB:=MD; OPADD:=TEMPl 

320 TEMP7, FPC:=TEMP(1 :3), DB 

107 FETCH2, BKMA, 0PADD:=TEMP7 

21 FETCHl, :=FACE[EXPSIZE]M30 

22 FPC:=FPC[+]K1;DB:=MD 

23 TEMP:=FIR(9:11) 



T2 



BKCMD:=4 

IFFS, APT2(317) 



SUB, APTl (321) 



T3 




T4 


BKCMD:=4 


BTl 


RETURN 


T2 


GOTO, FETCH2 (107) 


T3 


GOTO, FETCHl (21) 


T4 


BKCMD:=7 


BTl 




T2 


INSTR DISP 1 



UPC 
ADDR 


AAAA BBBB BCCC CCDD DEFH JJKL MMMM MNPP PPPP PPPP RRRR 


300, 


HHHH HHLH HHHH HHXX XHHH HHHL HHHH HHHH HHHH HHHH LLLH 


301, 


HHHH XXXX XHHH HHXX XHHH HHHH HHHH HHHH HHHH HLHH HLLL 


302, 


HHHH XXXX XHHH HHXX XHHH LLHH HLHL LHHH LLHH LLLL HLHH 


317, 


HHHH HHLH LLLH HLXX XHLH HHHH HHLH LHHH LLHL HHHL HLHL 


321, 


HHHH HHLH HHHH HLHH LHLL HHHL HHHH HHHH HHHH HHHH LLLH 


322, 


HHLH HHLH LHHH HHHH HHLL HHHL HHHH HHHH HHHH HLHH HLLL 


323, 


HHHH HHHL LLHH HLXX XHLH LLHH HHLL LHHH HHHH HHHH HLHH 


320, 


HHHH HHHH HLLH HHLL LHLL HHHH HHHH LHHH HLHH HLLL HLHL 


107, 


HHHH HHHL LLHL LLXX XHLH HHHH HHHH LHHH HHHL HHHL LLLH 


21, 


LHLH HLHH HHLL LLXX XHHH HHHL HHHH HHHH HHHH HLLL HLLL 


22, 


HHHH HHHH HHHH HLXX XHLH LLHL HHHH HHHH HHHH HHHH HLHH 


23, 


HHHH 


XXXX X 


LLH LH 


HH H 


m 


^IHHH 


p 


HHHL HHHH HHHH H 


HHH 


HLHL 




X 


^ i 


J 




►J 




J 




J 






d 

X 

< 


d 

s 

< 


d 

8 

-J 
03 


d 

s 

CQ 


< 

H 


pa 
w 

H 

2 




<: 

<: 
OS 




d 

Q 

P3 





Figure 3-4 'GETAPT' Firmware 



3-8 



At BTl time Control returns to address 320. TEMP bits (1:3) (the field address) and the DB contents 
(the low-order address) are sent to the FPC register and to TEMP7. Now the complete memory 
address of the first FPP instruction is in the FPC register (as well asinTEMP?), and Control jumps to 
/iPC address 107, to begin the fetch of the first FPP instruction. During address 107 the memory 
address of the instruction is sent to the BKMA and data break operations begin. 

The Data Path operations during juPC address 21 are concerned with a test that can be made on 
floating-point numbers by the JAL instruction. These operations are described in detail in Paragraph 
4.2.8, Instruction Dispatch Logic. Meanwhile, the Data Break control logic is preparing to assert 
break control signals (BKCMD:=7 and BKCMD:=4 are identical with respect to data break control 
signals), which it does at T4 time (we again assume that the FPP has priority). The FPP instruction in 
the addressed memory location is placed on the MD lines and sent to the MB as well as to the 
instruction decoding logic. During jttPC address 22, the address in the FPC register is incremented. The 
register now contains the address of either the next instruction to be fetched or the operand that is to 
be retrieved. 

If a Fast Start had not been programmed, the entire APT would have been picked up just as were the 
first two locations. For example, location 3 of the APT contains the base address 12 LSBs. The field 
bits of the base address are located in bit positions 9, 10, and 11 of TEMA after TEMA is rotated 
during the pick-up of the FPC field bits. Thus, another rotation of TEMA permits the base address 
field bits to be sent to TEMP (1:3). Then, the field bits in TEMP (1:3) and the 12 LSBs in the DB can be 
sent to the BR register. 

During an exit from FPP operation, the APT is updated by an exit routine. If a Fast Start was carried 
out at the beginning of operations, a fast exit (FASTX) is effected, during which the FPC and its field 
bits are stored in locations 1 and 2 of the APT. 

The pattern specification signals that are called out in Figure 3-4 manipulate the Data Path. For 
example, during /^PC address 300, the APTP register must be read. This register is located in the A-file, 
which is controlled by Control ROM signals A LOC (0:4) L. The state of these signals during address 
300 is HHLHH. If we refer to Table 4-1, we can see that the APTP is indeed selected for reading 
(READ A L is also asserted during address 300). Table 4-1, along with Tables 4-2, 4-3, and 4-4, is 
discussed in relation to the FPP block diagram description. If one reads the block diagram description 
and then returns to Figure 3-4 and attempts to relate the Control ROM signals to the Data Path 
operations, one can acquire some understanding of how the FPP works. 

For another example, consider /iPC address 321, during which the APTP is incremented. Constants 
are located in the Constant generator, which is controlled by the BRLOC (0:4) L signals. Table 4-2 
shows that the constant 1 is appHed to the B input of the ALU during address 321. Table 4-1 shows 
that the APTP register is applied to the A input of the ALU. The ARITH signals determine what 
happens to the two ALU inputs. The pattern specification indicates the state of the Control ROM 
signals at the output of the ROM. Some of these signals, including the ARITH signals, are inverted 
before being applied to the Data Path; hence, the levels indicated in Figure 3-4 should be inverted. 
That is, the ARITH bits for ^PC address 321 are shown as HHHH in Figure 3-4. Invert these to LLLL 
and you have the correct condition at the interconnecting cable. Thus, Table 4-4 indicates that the A 
and B inputs of the ALU (plus a carry in, if such is applicable) are added and the result is placed on the 
OBUS. The addition result is sent back to the APTP and to TEMPI. Table 4-1 shows that the APTP 
will be written (WRITE A L is asserted), while Table 4-3 shows that TEMPI will also be written. 

One can also see something of what is happening in the Control by examining Figure 3-4. During 
address 302, for example, the Control tests the Command register to see if a Fast Start was program- 
med. If it was, a jump address is loaded into the uPC register. This address is provided by the Control 
ROM, itself, and is represented by the 'P' bits in address 302, viz., H HLL HHL LLL (0317). 
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3.3.2 FPADD Firmware 

Other examples that illustrate the relation of firmware and logic appear in this and the following two 
sections. These examples describe the operations involved in arithmetic calculations performed by the 
FPP. 

Figure 3-5 lists the firmware pertaining to an addition carried out in the FP mode. The FADD instruc- 
tion has been fetched and decoded, and the effective address of the operand has been determined (it is 
assumed that at some earlier time the FAC has been loaded with one of the numbers in question). The 
firmware in Figure 3-5 begins at Instruction Dispatch 2. The second number, the operand, will be 
retrieved from memory and placed in TEMP registers. Then, both the operand and the number in the 
FAC are tested for zero fractions (if either number has a zero fraction, the addition is shortened 
considerably). Following this test, the logic determines which exponent is smaller and checks to ensure 
that the difference in exponents is not so large as to make alignment impossible (if alignment is impos- 
sible, the smaller number is treated as though it were zero). Alignment is carried out by right-shifting 
the fraction of the number having the smaller exponent. Then, the two fractions are added, and the 
result is normalized and rounded off Finally, the result is placed in the FAC and an exit test is made. 
The steps detailed by the firmware will be explained by a running commentary; this commentary lists 
the /uPC addresses appearing in the firmware and, where necessary, amplifies the Data Path and Con- 
trol statements relating to each address. The commentary follows. 



/GET AUSUNtNT, PLACE FRACTION f TEKPl-TEMPS, »ND EXPONENT 
/Uf USED) IN TEHPe. TEnPl, BK«« ALREADY CONTAIN ADDRESS OF 
/ARGUMENT AT Entry. used by paid, FAODH, FMULi F1ULM, IMUL AND FOIV. 
• 24e 

201 GETaRG, OPAOO:"TEnPl T4 BKCNDUB 

211 DBI'MOI TEMPi:»[J] BTl IF DP, GET! C243) 

l«i TEhP6!"08 T2 SUB, NEXTOP (18) 

/3UBH0UTINE--GET KORD AT NEXT QPAOD, BUMP OPADO 

IB nEXTOP, BKPA, aPADO:»OP*iJDttlM T3 

11 NXTOPl, NO DPERiTION T4 »KCn0I"U 

U DB:>ND BTl RETURN 

ili Gtn, TEMPliiOB T2 SUB, NEXIOP (IB) 

244 TEHP2:m0a 12 IF NOT EP, ARITh C1B37) 

/ARITHMETIC DISPATCH 

1U37 ArtlTH, NO OPERATION FREE INSTR DI5P 3 

lABl fAOD, OB, TtHP/SiFACE FREE GO TO, fPLUS U«22) 

////////FLOATINii POINT AuO/////////// 
/FIRST TEST FOR ZERU ARGUMENT. 

1422 FPLUS, 08, SCI»TEMP7 FRtE« IF T6XP2ER0, FAuUll (1453) 
1483 08, SCRATCHei«TE'lP7 FREE* SuiJ, FTOS (1333) 

/SUBRilUTiNt— «CVE FaC FR4CTI0H TO SCRATCH, 

1333 FTOS, D8, TE«P:«FaC« FREE* 

1334 FT031, OB, SCRATCHni tTE'lP FREE* IF NOT EP, FTUSJ (1346) 

1346 FT0S3, OB, SCR4TCHP ! » tal FREE* GO TO, FT0S2 (1344) 

1344 fTOSa, DB, TEmP:«FACn FRtE* 

1343 09, SCRATCH'.:=TEfiP FRtE* RETURN 

1424 08, TEnP7, 3C:iSL[mNllS)TENP6 FREE* IF HCZERO, FADUB (1455) 

/NO* UNO SMALLER EXPONENT. TEST FUR OVERSMIFT, 

1423 NO OPtRATIOi FREE* 

142ii NO OPERATION FREE* IF OVFLO, FADUl (1457) 

1427 NO OPERATION FREE* IF EXPFL, FPLUSl (1462) 

143J 08, 5CI"(niNUS] Tr.nP7 FREE* 

1431 DB!.SC[HINUS)«3i FREE* IF NOT EP, FPL052 (1433) 

1433 FPLLSe, NO OPERATION FREE* 

1434 NO OPERATION FREE* IF SGN, FAUUIA 114611) 

1435 09, TEHP6!sF»CE FREE* SJB, EST C1314) 

/bUBR(iuTINE"EXCHANGt SChATCH And Tt^P FRACTIONS, 

1314 EST, D8, TEmpi^sCRATCh" FREE* 

1313 06, SCRATCHMlsTE'iPl FREE* 

1316 08, TEHPlJ.iewp FREE* IF NOT EP, tSTl (133B) 

1330 taTl, D6, TEHPl'SCRATCHN FREE* 

1331 DB, SCRATCHN:=TCriP2 FREE* 

1332 OB, TEHP2:.TEMP FREE* RETURN 



Figure 3-5 FPADD Firmware (Sheet 1 of 2) 
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tsee 

1261 

1262 


smr, 

ShRIB, 


1294 


SMRU, 


U0e 


NnM, 


1310 
Ull 
1312 
1313 


««hii, 


1261 
1262 


SHRIS, 


1254 
1269 
1266 
1267 
1270 
1271 
1272 


SMRl, 



/ALISN NJHBERE. SMALLER NUMBER IS IN SCRATCni 9C CONTAINS CUP DIFF, 

/DIFFERENCE IN EXPONENTS IS SHALL ENOUGH THAT A NON-ZERO 

/NUMBER KILL BE IN SCRATCH AFTER THE SHIFT, 

FA004, NO OPERATION FREE« SUB, SHR (126B) 

/SUBROUTINE—SHIFT SCRATCH RIGHT PER SC, USE "ORO HOVE IF POSSIBLt. 
/bC CONTAINS 2'S COHPLEHENT OF -iUHBER OF SHIFTS ON ENTRY, B AT EXIT 

DBi SCI'SC FREE* 

OS, 3CI>3CU26IT)K14 FREE* 

NO OPERATION FREE* IF EXPFli ShRlA C1264) 

NO OPERATION FREE* IF bXPFLi Kin (l3dB) 

OB, TEHPl'SCRATCHN FREE* IF NOT EP, R»nl C131B) 

OB, SCRATCHPI'TEriP FREE* 

DB, TEMP:>SCRATC'iH FREE* 

OB, scratchni^tehp free* 

DB, SCHATCHIl- IS1GNJSC84TCHX FREE* GO TO, SHBIB C1261) 

D3, SCI*SC[12BITJK14 FREE* 

NO OPERATION FREE* IF EXPFt. SHRIA (1264) 

NO OPERATION FREE* IF EXPFL, R«M C13BB) 

DB, SCI'SC [12BIT1H14 FREE* 

OB, SCI'SCtUBITlKl FREE* 

DB, SCRATCHHit tSrlRJSCHATCHH FREE* 

DB, SCRATCHNI* [SnRl tEHTJSCHATCHN FREE* IF tP, SnR2 C1273) 

DB, SCRaTCHP!* ISriRl (tXTISCRATCHP FREE* IF EXPFL, SHRl C1266) 

NO OPERATION FREE* RETURN 

1437 Fa, DB, SCSATCHSl«5CRATCHSC12BITlTtHP5 FREE* IF NOT EP, fB (1407) 

/START FP ADO, 

1467 FB, DB, SCRATCHNI»SC'<4TCHM[128ITJTEMP2 FREE* GO TO, FA007 U44J) 

1443 F4DD7, 08, SCR 4TCHH : •SCH ATCHH il2aITl Ct XT! TtnPl FREE* 

1444 DB, SCI*TEHP6 FREE* 

1443 NO OPERATION FREE* IF UvFLD, FAD02 (1471!) 

/NORHALIZE RESULT, 

1446 FAD08, NO OPERATION FREE* SUB, NHI (117/) 

/SUBROUTINE— NORMALIZE SCRATCH. DECREMENT SC ONCE FOR EACH SHIFT, 
/USE WORD MOVE, WHEN POSSIBLE, TO SAVE TIME, 

/ROUND OFF IF NOT IN IP NODE, DB IS LOADED AT FIRST FIVE STEPS FOR 
/BETTER VISIBILITY OF UN-NORHALIZED ANSWER. 

1177 NMI, DBI»SCRATCHH FREE* IF DP, RND (124tl) 

12BB DBl«SCRATCHN FREE* IF TEHPZERO, RNO C1240) 

12ei Nrtll, BBhSCHATCHP free* if HOVE OK, NMI4 (1219) 

1219 NHI4, OB, SCMSC (12giT]H14 FREE* 

laiS DB, TE«Pl*SCR4TC'lN FREE* 

1217 08, SCRATCHHI'TEHP FREE* TEST OVFlO 

122B CB, TEHP:«SCRATChP FREE* 

1821 OB, 3CRATCHhi*TEmP FREE* IF NOT EP, NMI9 (1231) 

1291 NMI5, DB, SCSATCHPl«CB] FREE* GO TO, NHIl (12B1J 

12B1 NMll, DBi.sCRATCHP free* IF HOVE OK, NHI4 (1219) 

12B2 DBKSCRATCHR FREE* IF NORHEO, NH16 (1237) 

1283 DBI.SCRATCHS FREE* IF NOT EP, NHI3 (1232) 

1232 NM13, DB, SCRATCHPI=[SMLJSCRATChP FREE* IF lORHtO, NH13A (123B) 

1233 DB, SCRATCHNIoISiLJ lEKTlSCRATCHM FREE* TEST OVFLO 

1234 OS, SCRATCHHI'ISrlLJ [EKTISCKATCHH FREE* 

1239 DB, SCI»SC112BIT1H1 FREE* GO TO, NHI3 (1232) 

1232 NHI3, OB, SCRATCHPMCSfLlSCRATCHP FREE* IF NOHnEO, KH134 (1236) 

1236 NMIJA, 08, SCR4TCHPic[SMRl [EXTISCRATCHP FREE* TEST OVFLO 

1237 NHI6, NO OPERATION FREE* IF FORBIDDEN, NnIB 1129B) 
124B RND, NO OPERATION FREE* IF EP, NHI7 (1247) 

1241 NO OPERATION FREE* IF TE"PSGN, RNOl (1294) 

1242 0B!»SCR4TCHP112flIT)K3777*l FREE* 

1243 HN02, DB , SCR4TCHN1»SCKATCHH(129IT1 [EXT] FREE* 

1244 OS, SCRATCH.IItSCNATCMrl [129ITI (EXT) FREE* IF TEMPZERD, RNU4 (1299) 

1245 DB, SCHATCHP!*tHl FREE* IF OP, NnI7 (1247) 

1249 NO OPERATION FREE* IF FORBIOJEN, OVREC (1405) 

1247 NHI7, NO OPERATION FREE* RETURN 

1447 FAD09, DB, TEMP7I*SC FREE* IF NZStT, FAOOll! (1491) 

/STOKE IN EITHER HEHORV uR FAC, DEPENDING ON UP COUE. 

1451 FaDOU", DB, SCRATCHE!»TEnP7 FREE* IF nEB, OEPOS (J93) 

1492 08, FACE1*TEMP7 FREE* GO TO, STOF (1347) 

///////////////////////"uVE SCRATCH TO FAC AmJ EXIT////////////// 

1347 STOP, OB, TEllPuSCRATCnf FREE* 

135b STOFl, DB, F»Ch:*T6HP FREE* IF NOT EP, ST0F2 (1J57) 

1357 ST0F2, DB , TtHP : =SCR4TC,iN FREE* IF TEHPZtRO, 4TUF3 (1361) 

1361) 08, FACN!«rEHP FREE* tXTtST 

/FLOATINO-POImt INSTRUCTION Ff.TCH 

*20 

2ii FcTCH, BKMASsFPC T3 



Figure 3-5 FPADD Firmware (Sheet 2 of 2) 
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M 



PC Address 



Comment 



240 
241 

242 
10 
11 
12 

243 



10, 11, 
12 

244 



1401 



1422 



The address of the operand exponent is sent to the File A OPADD register; the 
address is placed on the Omnibus MA lines and a Read data break is started. 

The operand exponent is sent to the DB register; the File B TEMP3 register is 
cleared in preparation for fraction alignment. 

The operand exponent is sent to TEMP6; control is transferred to the 
NEXTOP subroutine. 

The address in the OPADD register is incremented and sent to both the BKMA 
register and the OPADD register. A Read data break is started. 

The address of the 12 most-significant bits (MSBs) of the operand fraction is 
placed on the MA lines. 

The MSW of the operand fraction is sent to the DB; control is returned to 
GETl. 

The MSW of the fraction is sent to TEMPI, which is examined to determine if 
the MSW is zero; this information is sent to the Register Flags logic for sub- 
sequent testing. Control is transferred to NEXTOP. 

The OPADD register is bumped; the 12 LSBs of the operand fraction (the 
LSW) are sent to the DB; control is returned to address 244. 

The LSW of the fraction is sent to TEMP2, which is examined to determine if 
the LSW is zero; this information is sent to the Register Flags logic for sub- 
sequent testing. If both the MSW and the LSW are zero, the Register Flags 
logic asserts the TEMP ZERO H signal at clock time of address 1037. Control 
is transferred to ARITH, address 1037 and, in turn, to FADD, address 1401; 
free-running clock timing begins; register flags reflect the state of TEMPI 
through TEMPS. 

At this point the operand is stored in the TEMP registers thusly: 

Exponent stored in TEMP6 
Fraction MSW stored in TEMPI 
Fraction LSW stored in TEMP2 

The exponent of the number in the FAC is sent to TEMP7 and to the DB (the 
DB is loaded merely for visibiHty during single-stepping; since this is the case 
throughout the remaining firmware, the DB will be ignored in the rest of the 
commentary). Control is transferred to 1422. 

The FAC exponent is sent to the SC register; the juPC Gating Control logic tests 
the TEMP ZERO flag, which reflects the state of TEMPI and TEMP2, i.e., the 
state of the operand fraction. Remember that there is a one-step delay in the 
fulfillment of a Data Path statement. Similarly, registers in the Register Flags 
logic are loaded after a 1-step delay. Consequently, register flags can be tested 
no earlier than 2 steps after the Data Path statement that involves the register. 
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1422 (Cont) 



1423 



1333, 
1334 

1346 



1344, 
1345 



1424 



This is why address 1422 is testing TEMP registers, rather than SCRATCH 
registers as the asterisk in the Timing statement would seem to indicate. If the 
TEMP ZERO H signal is high, indicating a zero fraction in the operand, the 
answer is simply the number in the FAC. In the example being considered, 
TEMP ZERO H is not asserted (the Register Flags logic is discussed in Para- 
graph 4.2.6). 

The FAC exponent is sent to SCRATCHE; control is transferred to the FTOS 
subroutine. 

The MSW of the FAC fraction is sent to SCRATCHM; control passes to 1346. 



SCRATCHP is zeroed in preparation for fraction alignment; control jumps to 
1344. 

The LSW of the FAC fraction is sent to SCRATCHN; control returns to 1424. 

At this point the number originally loaded into the FAC (referred to hereafter 
as "the FAC number," or "the FAC exponent," etc..) is stored in the 
SCRATCH registers thusly: 

Exponent stored in SCRATCHE (and SC) 
Fraction MSW stored in SCRATCHM 
Fraction LSW stored in SCRATCHN 

The FAC ZERO flag is tested. When the FLDA instruction loaded the FAC 
prior to issuance of the FADD instruction, the state of FACM and FACN was 
recorded in the Register Flags logic; this information is retained until new data 
is written into the FAC. If the FAC ZERO L signal is asserted, indicating a 
zero fraction in the FAC, the answer is simply the number in the SCRATCH. 
In this example, FAC ZERO L is not asserted. 

At this point, numbers are assigned to the operand and the FAC so as to more 
easily illustrate the procedures that follow. Hence, the following normalized 
octal numbers are assigned: 





Exponent 


MSW 


MSW 


Operand 


0003 


5001 


0003 


FAC 


0020 


2010 


2111 



Now, the operand exponent is subtracted from the FAC exponent (2's com- 
plement subtract); the result is sent to the SC register and to TEMP7. 



SC (FACE) 

TEMP6 (2's complement of OPE) 

Exponent Difference (FAC is larger) 



000 000 010 000 
111 111 111 101 
000 000 001 101 
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1425 



1426 



1427 



1430 
1431 



1434 
1435 



The difference in the exponents, ISg, is loaded into both SC and TEMP7. The 
state of the SC sign bit is loaded into the Register Flags logic; the positive sign 
bit causes the EXPFL H signal (which will be tested two steps hence) to be 
negated. 

If the two numbers being added were grossly different, i.e., if one had a large 
positive exponent and the other had a large negative exponent, the subtraction 
in 1424 could produce an overflow (the OVFLO H signal would be asserted). In 
that case, the very small number is discarded, the remaining number is norma- 
lized, if necessary, and stored in the FAC. The exponents in this example do not 
produce an overflow. 

The negated EXPFL H signal indicates that the FAC exponent is larger than 
the operand exponent. This means that, because all shifting operations are car- 
ried out in the SCRATCH, the operand fraction, which must be shifted during 
alignment, is to be transferred to the SCRATCH. If the operand had been 
larger, EXPFL H would have been asserted by the Register Flags logic, 
indicating that the smaller number was already in the SCRATCH. 

The 2's complement of the difference in the exponents is sent to the SC to 
control the shifting operation during alignment. 

The difference in the exponents is tested for overshift. Overshift is the condition 
that exists when the fraction of the smaller number must be right-shifted more 
than 24 times to achieve alignment. If the fraction is shifted exactly 24 times, 
the MSB of the fraction ends up in the MSB of the guard-bit word 
(SCRATCH P for an FP addition or subtraction) and can affect the result when 
round-off is carried out. However, more than 24 shifts produces a situation 
wherein the fraction of the smaller number has no effect at all on the calcu- 
lation result. Consequently, the smaller number is discarded when an overshift 
condition exists (overshift exists in the EP mode when the fraction must be 
shifted more than 59 times). 

If the overshift condition were present, the subtraction in this step would cause 
SIGN H to be asserted by Register Flags (the signal would be asserted when the 
subtraction result is placed on the OBUS). When this signal is tested 2 steps 
hence, control would jump to 1460. There, steps would be taken to normalize 
the fraction of the larger exponent (FACE). In the present example the sub- 
traction produces the following: 



SC (2's complement of exponent difference) 111 111 111 Oil 
2's complement of M30 OOP OOP Oil OOP 

000 000 001 Oil 



SIGN H is tested; control passes to 1435. 

FACE is sent to TEMP6. Control is transferred to subroutine EST. 
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1314- 
1332 



1436 
1260 



1261 



1262 

1264 



1300- 

1312 

1313 



1261 

1262 
1264 
1265 



The smaller fraction is the operand. It must be right-shifted. However, the 
operand fraction is in TEMPI and TEMP2 and must be placed in the 
SCRATCH in order to be shifted. This subroutine swaps TEMPl/2 and 
SCRATCHM/N. 

Control jumps to 1260. 

The SC (containing the 2's complement of the exponent difference) is sent to 
the SC, so as to test the sign bit. This test, which occurs two steps hence, checks 
to see if the SC is zero, indicating no difference between the exponents. If there 
is any difference in the two exponents, the 2's complement of the difference 
must have logic 1 in the MSB. Only no difference can cause the EXPFL H 
signal to be low. If this were the case, control would return to 1437 for the 
FPADD operation. 

148 (12io) is added to the SC. Two steps from now the EXPFL flag will be 
tested. If the EXPFL H signal is then high, indicating more than 12 shifts are to 
be made, control will jump to 1300 (word move). If the exponent difference is 
exactly 12, 12 separate shifts are carried out. (Had there been zero difference in 
the exponents, the 148 added in this step would be subtracted in step 1263 - not 
shown - before control returned to 1437.) 

There is a difference in the exponents, so EXPFL H is high; go to 1264. 

More than 12 shifts must be made, so EXPFL H is high; go to 1300 for word 
move. 

SCRATCHN is sent to SCRATCHP, and SCRATCHM is sent to 
SCRATCHN. 

The sign bit of the fraction is examined. If the sign is 0, the ALU output is 
OOOOs; if the sign is 1, the ALU output is 7777g. The SCRATCH contents before 
and after word move are: 



SCRATCHM 



SCRATCHN 



SCRATCHP 



Before 1300: 101 000 000 001 000 000 000 Oil 000 000 000 000 
After 1313: 111 111 111 111 101 000 000 001 000 000 000 Oil 
The SC contains 7777i. 

148 is again added to the SC, producing 00138; this is a check to see if another 
word move can be made (this would be possible only in the EP mode). 

EXPFL H is still high from the previous 1264 operation. 

The addition in 1261 causes EXPFL H to go low. 

The 148 added to the SC in 1261 to check for a possible word move must be 
subtracted; thus, 77778 is returned to the SC. 
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1266 


One is added to the SC, producing OOOOg. 


1267 


SCRATCHM is shifted right once. The Shift logic causes the MSB of 
SCRATCH M to be returned to the same position (i.e., the sign bit is retained), 
while loading the LSB into the SLINK flip-flop. 


1270 


SCRATCH N is shifted right once. The asserted EXTEND H signal causes the 
content of the SLINK flip-flop to be shifted into the MSB of SCRATCHN; the 
LSB of SCRATCHN is loaded into SLINK. 


1271 


SCRATCH? is shifted right once. The asserted EXTEND H signal causes the 
content of the SLINK flip-flop to be shifted into the MSB of SCRATCH?; the 
LSB of SCRATCH? is loaded into SLINK. The addition of step 1266 causes 
EXPFL H to go low, indicating that the required number of shifts has been 
carried out. Control returns to 1437 with the SCRATCH and TEMPl/2 con- 
taining the following numbers: 




SCRATCHM SCRATCHN SCRATCH? 




HI 111 111 111 110 100 000 000 100 000 000 001 




TEMPI TEMP2 




010 000 001 000 010 001 001 001 


1437 


Go to 1467 (the Data Path operation is of significance only in EP mode). 


1467 


Add SCRATCHN and TEMP2. 




110 100 000 000 

010 001 001001 

1 000 101 001 001 




The carry from this addition is loaded into the CLINK flip-flop in the Shift 
logic. 


1443 


Add SCRATCHM and TEMPI. The asserted EXTEND H signal causes the 
content of the CLINK flip-flop to be applied as a carry-in. 




HI 111 111 111 

010 000 001 000 
1 




1 010 000 001 000 


1444 


The exponent of the answer is sent to the SC. 
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1445 



If the addition produced an overflow, control jumps to an overflow recovery 
subroutine. In this example, overflow does not occur and the result is a nor- 
malized number, viz: 



SCRATCHM SCRATCHN SCRATCH? 

010 000 001 000 000 101 001 001 100 000 000 001 

Control passes to the normalization subroutine. 



The numbers chosen to illustrate the FP addition produced a normalized result. The normalizing 
subroutine can be more fully described if we assume that the addition produced an unnormalized 
answer. Therefore, suppose that the number in the SCRATCH after the operations in 1467 and 1443 
is: 



SCRATCHM SCRATCHN SCRATCHP 

000 000 000 000 001 100 100 001 101 001 111 000 



Die FAC exponent in the SC is still 0020. 



1200 



1201 



1215 



If the results of the 12-bit additions carried out in 1467 and 1443 were zero, the 
TEMP ZERO H signal would have been asserted by the Register Flags logic. 
Zero is considered to be a normalized number; thus, control would pass to the 
round-off process. This is not the case, so continue. 

Each of the 13 MSBs of the SCRATCH is zero; hence, the Register Flags logic 
asserted the MOVE OK H signal when SCRATCHM and SCRATCHN were 
loaded (the same signal would be asserted if each of the 13 MSBs was one). This 
means that a word move can be carried out. Checking 13 bits, rather than only 
the 12 MSBs, ensures that the fraction sign bit remains unchanged after the 
word move. Go to 1215 for the start of the word move. 

Since the fraction is to be shifted left 12 places (Hi), the value of the exponent 
must be reduced by 12io. If the exponent is a large negative value, subtracting 
12 from it could result in a number too small to be represented in 12 bits, i.e., an 
underflow could result. Such an event must be recorded; thus, an overflow test 
is made in 1217. In the present example no such problem arises, as shown in the 
subtraction. 



SC (FACE) 
M14 



000 000 010 000 
111 111 110 100 
000 000 000 100 
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1216- 
1231 


The word move is carried out, leaving this result: 




SCRATCHM SCRATCHN SCRATCHP 




GDI 100 100 001 101 001 111 000 000 000 000 000 




Goto 1201. 


1201 


Another word move is not possible. This step is significant only in the EP 
mode. 


1202 


If the two MSBs in SCRATCHM were different (the definition of a normalized 
number), the Register Flags logic would have asserted the NORMED H signal. 
Thus, the normalization process would have been completed. This is not the 
case, so proceed. 


1203 


Go to 1232. 


1232 


SCRATCHP is shifted left once (the firmware does not know that SCRATCHP 
was zeroed in 1231; one can arrive here without going to 1231). The Shift logic 
causes a zero to be shifted into bit 15 of SCRATCHP; the MSB of SCRATCHP 
is loaded into the SLINK register. The test for NORMED H is inapplicable at 
this time. 


1233 


SCRATCHN is shifted left once. Because the EXTEND H signal is asserted, 
the content of SLINK is shifted into bit 15 of SCRATCHN, while bit 4 of 
SCRATCHN is loaded into SLINK. The overflow test is inapplicable at this 
time. 


1234 


SCRATCHM is shifted left once. EXTEND H is asserted; therefore, bit 4 of 
SCRATCHN, which was in SLINK, is shifted into bit 15 of SCRATCHM. Bit 
4 of SCRATCHM is loaded into SLINK, but this has no significance. The 
SCRATCH is now in this form: 




SCRATCHM SCRATCHN SCRATCHP 




Oil 001 000 oil 010 on 110 000 000 000 000 000 


1235 


The value of the exponent is reduced by one to reflect the left shift just com- 
pleted. Since this subtraction could cause an exponent underflow, an overflow 
test will be made two steps hence. The new exponent value, 0003, is sent to the 
SC. Go to 1232. 


1232 


SCRATCHP is shifted left once. SCRATCHM is examined and found to be 
normalized (NORMED H is now asserted). Control goes to 1236. 
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1236 


SCRATCH P is shifted right to restore its content to that which existed before 
1232. The subtraction of 1235 is tested for overflow, which has not occurred. 


1237 


SCRATCHM and SCRATCHN are examined to determine if the normalized 
result in 1234 is 4000 0000, which it is not. If such a result was obtained, the 
Register Flags logic would have asserted the FORBIDDEN H signal. The 
result would then be converted to 6000 0000 by shifting SCRATCHM right 
once; the exponent would be increased by one to reflect the shift. 


1240 


Continue 


1241 


SCRATCHM is examined to determine the sign of the fraction. Because the 
sign is positive, TEMP SGN H is not asserted and control passes to 1242. 


1242 


The first step in the round-off process is taken, i.e., the number 4000 is added to 
SCRATCH?. If the fractional value of SCRATCHP is 1/2, or more, the addi- 
tion produces a carry, which is propagated to SCRATCHN (step 1243) and, 
perhaps, to SCRATCHM (step 1244). (In this example there is no carry.) 




If the fraction before round-off had been negative, the TEMP SGN H signal 
would have been asserted and the test in 1241 would have caused control to 
jump to 1254. This step adds 3777 to SCRATCHP. If the fractional value of 
SCRATCHP is greater than 1/2, the addition produces a carry, which, again, is 
propagated to SCRATCHN and perhaps to SCRATCHM; this causes the 
negative fraction to be rounded down, as opposed to the rounding-up of a 
positive fraction. 


1243 


Propagate the carry from 1242, if appropriate. 


1244 


Propagate the carry from 1243, if appropriate. TEMP ZERO test is 
inapplicable here. 


1245 


Zero SCRATCHP. 


1246 


If the normalized result, before round-off, had been 3777 7777, and step 1242 
has produced a carry, the round-off process would have generated 4000 0000. 
Hence, FORBIDDEN H would have been asserted, and the test in this step 
would transfer control to 1405. There, 4000 0000 would be converted to 2000 
0000 and the exponent would be increased by one. Continue. 


1447 


The exponent of the answer is sent to TEMP7. The NZ SET H signal is tested. 
When an exponent underflow occurs, the action taken by the FPP at the end of 
the calculation is programmed by the FPCOM instruction. The FPP can be 
directed to exit or to continue after setting the calculation result to zero. 




If the NZ SET H signal is low, a non-trapped underflow has occurred; control 
passes to 1450, which causes the calculation result to be set to zero and stored in 
the FAC. However, if the NZ SET H signal is high, either there was no under- 
flow, as in this example, or a trap of the underflow was directed by the FPCOM 
instruction. Control jumps to 1451. 
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1451 



1452 

1347- 
1360 



The exponent of the answer is sent to SCRATCHE. If the TO MEM H signal is 
high, indicating the result is to be transferred to memory (used by FMULM 
and FADDM), control jumps to 353. The answer in this example is to be placed 
in the FAC, so control passes to 1452. 

The exponent of the answer is sent to FACE. Control jumps to 1347. 

The fraction is sent to FACM and FACN; an exit test is made. Since neither 
underflow nor overflow has occurred, control jumps to 20, and a new instruc- 
tion is fetched. 



3.3.3 FPMUL FIRMWARE 

Figure 3-6 lists the firmware pertaining to a multiply operation carried out in the FP mode. The 
FMUL instruction has been fetched and decoded, and the effective address of the operand has been 
determined (it is assumed that at some earlier time the FAC has been loaded with one of the numbers 
in question). The firmware in Figure 3-6 begins at Instruction Dispatch 2. The second number, the 
operand, will be retrieved from memory and placed in TEMP registers. Then, both numbers are tested 
for zero fractions (if either has a zero fraction, a zero result is stored in the FAC). After this test, the 
multiplication begins. When the result has been obtained, it is normalized, rounded off, and placed in 
the FAC. Finally, the exit test is made. The steps detailed by the firmware are explained in the follow- 
ing commentary. Operations that have already been described in the FPADD firmware, e.g., the pick- 
up of the operand fraction, are considered only to whatever extent they differ. 
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SCHATCHPl'SCRATCMPflDRl [EXT! TEMPa 
SCRATCHY : 'SCR ATCMMtMDS] [EXTl TEMPI 
5CHATCHM:«SCRaTCmM(1d5] [EXTITEMP 

SCRATCHR : «SCa ATC'IR (MDS! 

5CKATCHP:«SCHATCmP [MOSI [EXTITENP2 
SCRATCrtNI'SCRATCn'UMOaj [EXT! TEMPI 

sckatchh:«3csaT[:mm(mds) [exT! temp 

SCRATChR:«SCRATCmR(MDS1 

SCRATCHPI«SC.*ATC>l»(MOSl [EXT1TEMP2 
SCHATCHNi'SCRATCl'UMOa! [EXT! TEMPI 
5CRATCM^li■5CRAT(;1M[•^DSl [EXTITEMP 

SCRATCHR: 'SCR ATC'tR[MDSl 

SCRATCH? : "SCR ATCrtP[MD8! [EXT)TEMP2 
SCRATCMNI"SCRATCmH[1D81 [EXT! tempi 
5CHATCHMI>SCRATC'(H[Moal [EXT! TEMP 

SCRATCHR : 'SCRATCHR [MOa! 

5CRATCHPI»SCRATC'lP(H0Sl [EXT! TEMP2 
SCRATCHY :«SCRATCHNtHOa! [EXT! TEMPI 
SCR»TCHMI»5CRATCHM[HDS) [EXTl TEMP 



FREE* 
FREE* 


RETURN 




FREE* 


C9UB, MULJA 


(1939) 


FREE* 

FREE* 


RETURN 




FREE* 


C3US, MULJA 


(1536! 


FREE* 

FREE* 


RETURN 




fSEE* 


CSJ6. MULJA 


(15561 


FREE* 
FREE* 


RETURN 




FREE* 


CSUb, MULJA 


(15661 


FREE* 
FREE* 


RETURN 




FREE* 


CSUd, MULJA 


(1556) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUa, MULJA 


(15561 


FREE* 
FREE* 


RETURN 




FREE* 


CSUa, MULJA 


(1556) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUB, MULJA 


(1536) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUB, MULJA 


(1999) 


FREE* 

FREE* 


RETURN 




FREE* 


sua, R2MA (1123) 


FREE* 
FREE* 
FREE* 
FREE* 
FREE* 
FREE* 


PRESET SIT COUNT 
RETURN 


FREE* 
FREE* 


CSU9, MUL4A 


(1999) 


FREE* 
FREE* 
FREE* 


RETURN 




FREE* 


CSUa, MUL4A 


(1535) 


FREE* 
FREE* 
FREE* 


RETURN 




FREE* 


CSUB, MUL4A 


(1535) 


FREE* 
FREE* 
FREE* 


RETURN 




FREE* 


CSUS, nUL4A 


(1535) 


FREE* 
FREE* 
FREE* 


RETURN 




FRtE* 


CSUB, MUL4A 


(1535) 


FREE* 
FREE* 
FREE* 


RETURN 




FREE* 


CSUB, MUL4A 


(1535) 


FREE* 
FREE* 
FREE* 


RETURN 
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isse scr*tchr:«sc«4tchr[mos) 

ISS3 «UL4«, SCRATCHp:«SCS»TC'lP(MOSl texTJTE"P2 

1SS6 MUL3A, SCR«TCHNi«SCR»TClNl1D31 leXTITenPl 
1957 SCRATCHni«8CR«TCMM[MDSl IEXTJTE"P 



FREE* C3UB, NUL<i C15:>9) 

FREE* 
FREE« 
FRECt RETURN 



1599 

1555 
1956 
1957 

1598 

1559 
1956 
1997 

1996 

1999 
1999 
1597 

1596 



SCRATCHRKSCRATCIRIMDSi) 

MUL4A, SCRATCHPl'SCRATCnPdOSl CEXT) TEHPS 
HUL9A) SCKATCHnI*SCRATC>iNCH0S1 IEXT] TEnPt 
SCRATCHMI'SCRATCmM [MOSI [EXTl TEMP 

SCRATCHRKSCRATCnRtMDSI 

MUl,4*, SCRATCHPI'SCRATCHPtnoS) CEXT) TEHPS 
HULJA) SCRATCHNI'SCRATCnNIIOSI [EXTITEHPI 
SCRATCHiI»»C«ATC'(MtliD8J lEXTlTEMP 

SCRATCHRl'SCRATCflRlMDSl 

liUL4A| 3CRATC>IPI*SCRATCF|P(HDB1 [EXT)TEMP2 
nULSAi 5CRArCHNI>SCRATCHN[liO!l] lEXTlTEMPl 
aCRATCHIIlSCRATCHM [)iD8] lEXT) TEMP 

SCRATCHR I •SCRATCHf) [N08] 



FREEi CSUB, nuL4A (1995J 

FREE* 
FREE« 

FREE* RETURN 

FREE* CSUS, MUU4A (1999) 

FREE* 

FREE* 

FREE* RETURN 

FREE* C3UB> nuL4A C1595J 

FREE* 
FREE* 
FREE* RETURN 

FREE* CSUBi nUk4A (1599J 



IS55 
1596 
1997 


MUL4A, 
nUU9A, 


1996 




1959 
1S96 
1557 
1S97 


«UL4A, 
HUL3A) 



SCRATCMPI*3CRATCMP(nD!SI [EXTl TEMPS 
SCRATCMNI'SCRATCMNIHDSI IE «T1 TEMPI 
SCRATCMi1I«8CRATCMM[MDS) [EXTl TEMP 

5CRATCMR:»3t.RATCMR [I<DS1 

SCRATCMPI'SCRATCmPIMOSI [EXTJTEMP2 
3CRATCHNi»SCRATClNIH0Sl [EXTITEHPI 
SCRaTCHMI'SCRaTCxM (MDS) lEXTl TEMP 
NO OPERATION 



FREE* 
FREE* 
FREE* 


RETURN 


FREE* 


C3UB, MUL4A (1595) 


FREE* 
FREE* 
FREE* 
FREE* 


RETURN 

GO TO. FMULi (1914) 



1914 



152: 

1926 
1927 



1929 
1926 
1927 



1915 
1177 

uec 

1221 
12B2 

1297 
124e 
1241 

1254 

1249 
1244 
1249 
1246 
1247 



lbJ6 
1517 
1920 
1921 



/IP MULTIPLIER IS NE(iATIVE, A CaRRECTION IS HEOUIREO, 
FmUL2i no OPERATION FREE* 



IF FACSGN, FHULU (1922) 



/CORRiXTION FOR NEGATIVE MU|.TIPUIER--SUaTRACT 2*MULTIPLICAN0 
FMUlS. 09, SCHATCMSI'SCNATCMalilNUSlTEHPg FREE* SU6, 



09, SCRATCH«:aSCKATCHfl [nlNUS] lEXTITEnPA FREE* 
OB, SCRATCHni*SCxATCmN [MINUS] TEMP2 FREE* 

DBi 5CRATCMTI*5CRATCHH|iInUS) IEXTJTEmPI FREE* 



DB, 5CRATCHSI»SCHATCHa[lINUS)TE«P9 



FREE* 



N, OB, SCRATCHRI'SCHATCMRIIINUS) [EXT1TEMP4 FREE* 

DB, SCRATCHNtoSCKATCHHOINUSlTEMPa FREE* 

p, DB, SCRAT[;N»ll»SC><ATCHtl(.lINU5) lEXTlTEMPl FREE* 

NO OPERATION FREE* 

/NURhALIZE (IF NOT JP), ROUND OFF RESULT IF NOT EP MODE 



(1929) 

IF EP, n (19911] 
RETURN 

sub, N (1529) 

IF EP, H (19911) 
RETURN 

SO TO, R (1519) 



NO OPEKATIO"' 

Mil, DBi'SCHATCHl 

DBmSCRATCHN 
Nflll, DB!«SCH4TCHP 

De:*SCKATCHR 

Nflle, NO OPERATION 

HuO, NO (IPEKATIOS 

NO OPERATION 

SNDl, 0B!«SCBATCHP I12BITJK9777 

R;4D2i OB, sCnATCH.'ji>SCnATCHN[12BIT] [EXT] 
06, 5CRATCHi:tSCnATCHH(12BIT] lEXT] 
DB, SCRaTCHPH [«) 
NO OPERATION 

NHI7, NO OPERATION 

/ADD tXPONENTS, TEST FOR EXPONEmT OVERFLO"!. 

DB, SCI»SC[12BITlTEi1Pri 
FrHJL9i NO OPtHATIOM 

NO (IPERATION 

NO OPERATION 



FREE* SUB, NMI (1177) 

FREE* IF OP, RNO (U4I«) 

FREE* IF TEMP^bHO, RNO (1240) 

FREE* IF MOVE UK, NnI4 (1219) 

FREE* IF NORNEO, NM16 (1297) 

FREE* IF FORBIDDEN, NMI8 (129il) 

FREE* IF EP, NM17 (1247) 

FREE* IF TtMPSUN, RNDl (1294) 

FREE* GO TO, RN02 (1249) 



FREE* 
FREE* 
FREE* 
FREE* 
FREE* 



FREE* 
FREE* 
FREE* 
FREE* 



IF TEmPZERO, RNU4 (1259) 

IF UP, Nni7 (1247) 

IF t-ORBIODEN, DVREC (14119] 

RETURN 



IF OP, OPAOUl (14211) 

TEST OVFLO 

GO TO, FADOU (1447) 



1447 



1491 

1492 



1947 
1998 



1957 
1960 



FA009, 08, TEMP7laaC 



FREE* IF NZ3ET, FADDIB (1451) 



/STORE IN EITHER MEMORY OR FAC, DEPENDING ON OP CODE. 

FADDIB, OB, SCRATCHEI»TElP7 FREE* 

08, FACEI"TEM'7 FREE* 



3T0F, 
3T0F1, 



OB, tehp:>scratcmm 

09, FACMl'TEMP 



DB, TENPMSCRATCmN 
09, FaCNI'TEMP 



FREE* 
FREE* 



FREE* 
FREE* 



IF MEM, DEPOS (399) 
Gu TO, 8TaF (1947) 



IF ,.JT EP, STOFa (1957) 



IF TEMPZERO, ST0F9 (1961) 
EXTEST 
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fiPC Address 




Comment 


(The following floating-point 


numbers have been chosen to illustrate the multiplication technique: 


FACE 


FACM FACN 


0016 


4001 6114 


OPE 


FRACTION MSW FRACTION LSW 


0020 


3102 nil) 


To 
1037 


At this 


point the operand is stored in the TEMP register thusly: 



1402 
1472 

1473 

1474 

1111- 
1116 

1532 



Exponent stored in TEMP6 
Fraction MSW stored in TEMPI 
Fraction LSW stored in TEMP2 

The FAC exponent is sent to TEMP7. Control jumps to 1472. 

The MSW of the operand fraction is sent to TEMA. The operand fraction is 
tested; if the fraction were zero, control would jump to 1450, which causes zero 
to be stored as an answer. 

The sign of the operand fraction is examined; since the sign is 0, OOOOg is sent to 
TEMP. The FAC fraction is tested for zero contents. 

The FAC exponent is sent to the SC. Control jumps to CLRS subroutine, 1111. 

SCRATCH M, SCRATCHN, and SCRATCHP are cleared in preparation for 
the multiplication. 



Here are the two fractions, aligned as they would be if one were preparing to 
multiply them by hand: 



MSW 

OP Oil 001 000 010 
FAC 100 000 000 001 



LSW 

001 001 001 001 
110 001 001 100 
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IxPC Address 



1532 (Cont) 



1533 



1556 



1557 



Comments 



The FAC is the multiplier, the operand is the multiplicand. The entire operand 
both MSW and LSW, will be multiplied, first, by the LSW of the FAC and, 
second, by the MSW of the FAC. In effect, the partial product of the second 
multiplication is shifted left one word position and added to the partial product 
of the first multiplication. The 12 LSBs of the answer are dropped off and the 
remaining 36 bits are rounded off to produce the final 24-bit result. The logic 
implements the multiplication in this way: Each bit of the FAC is examined by 
the Shift logic; if a bit is logic 1, the multiplicand is added to the existing partial 
product and the result is shifted left once, but if a bit is logic 0, the existing 
partial product is merely shifted left once; the 36 bits of the product of the FAC 
LSW and the operand are shifted right two word positions, dropping off the 12 
LSBs, which are irrelevant after carries and shifts have been propagated to the 
24 MSBs; the 24 MSBs of this first multiplication are used as the initial partial 
products for the multiplication of the operand by the FAC MSW; when the 
second multiplication is finished, the 36-bit result is rounded off to the 24 
MSBs. 

The first step in the multiplication is to load the multipUier LSW (FACN) into 
the DB register, as the firmware states. The bit counter in the juP Register logic 
is preset to a count of -12, permitfing 12 successive calls to a subroutine (the 
first call takes place in step 1533). 

DBO (the MSB of the multiplier) is examined by the Shift logic. Since the bit is 
logic 1, SCRATCHP and TEMP2 (OP LSW) are added; the sum is shifted left 
once in the shift gates and sent to SCRATCHP. The initial contents of 
SCRATCHP, i.e., the initial partial product, were OOOOg; hence, this first partial 
product is merely the multiplicand, itself. The DB is rotated left one place so as 
to make the second MSB available for examination. Control jumps to sub- 
routine MUL3A, 1556. 

Because the EXTEND H signal is asserted, DBl 1 is examined by the Shift logic 
(this is the same bit that controlled events in step 1533; here, it is being consid- 
ered in relaUon to the operand MSW and, thus, the entire multiplicand has 
been manipulated as directed by the first bit of the multiplier). The bit is 1; 
hence, SCRATCHN (initially zero) and TEMP 1 (OP MSW) are added, the 
result is shifted left once and held in SCRATCHN. The DB is not changed. 

Once again, DBll is inspected. TEMP and SCRATCHM are added, and the 
result is shifted left once and held in SCRATCHM. This operation must be 
included to hold the bits shifted left from step 1556, as well as any carries that 
might have occurred. TEMP is OOOOg at the beginning because the operand is a 
positive fraction. Had the fraction been negative, 77778 would have been placed 
in the TEMP so as to extend the sign bit throughout the multiplication process. 
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/iPC Address 



Comments 



1557 (Cont) 



1534- 
1127 



1130 



1131 



1132 



1535 



1536 



The preceding three steps are tabulated in Figure 3-7. Pass 1 shows the result 
after the operand has been manipulated in response to the MSB of the multi- 
plier. When RETURN is encountered in step 1557 of Pass 1, control returns to 
1 533, rather than 1534, as would be the case had the bit counter not been preset 
in step 1532 (the bit counter is incremented during each pass). Thus, the oper- 
ations in 1533, 1556, and 1557 are performed again in Pass 2; however, the 
second MSB of the muhiplier now controls the manipulation of the multi- 
plicand. These three steps are followed 12 times in all. At the end of Pass 12, the 
Ijit counter has been returned to zero, permitting control to return to step 1534. 
The octal number in the SCRATCH is: 



SCRATCHM 

4636 



SCRATCHN 

5263 



SCRATCH? 

1530 



SCRATCHM and SCRATCHN are moved two words to the right. Now we 
have: 



SCRATCHM 

4636 



SCRATCHN 

5263 



SCRATCH? 

4636 



SCRATCHR 

5263 



The bit counter is again preset to -12. 



If the operand fraction had been a negative number, the final left shift in Pass 
12 could have shifted logic 1 into SLINK (a positive fraction will always have a 
zero shifted into SLINK by the last left shift). This step retrieves such a bit by 
asserting the EXTEND H signal and shifting SCRATCHM right once. 

The sign of SCRATCHM is examined. If a logic 1 had been retrieved from 
SLINK, 77778 would be sent to SCRATCHM and TEMP7. In this example 
OOOOg is sent to both. 

TEMP7 (OOOOg) is sent to SCRATCHN. The number in the SCRATCH is: 



SCRATCHM 

0000 



SCRATCHN 

0000 



SCRATCH? 

4636 



SCRATCHR 

5263 



The multipHer MSW (FACM) is sent to the DB register preparatory to multi- 
plying the operand by FACM. 

The bit counter was set to -12 in step 1 127; hence, the present step, along with 
subroutine MUL4A, will be performed 12 times. At the end of 12 passes 
SCRATCHR will contain OOOOg, all its information having been shifted left into 
SCRATCH?. 
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ON 





PASSl 


PASS 2 


PASS 3 


PASS 1 1 


PASS 12 


OCTAL RESULT 
IN SCRATCH 


DB CONTENTS (START) 


110 001 001 100 


100 010 011 001 


000 100 110 011 


001 100 010 011 


011000 100 110 




AFTER ROTATION 


100 010 011 001 


000 100 110 011 


001 001 100 110 


on 000 100 110 


110 001 001 100 




SCRATCH? (START) 


000 000 000 000 


010 010 010 010 


110 110110110 


110011 010110 


100 110 101 100 




TEMP2 


001 001 001 001 


001 001 001 001 


001 001 001 001 


001 001 001 001 


001 001 001 001 




ALU OUTPUT 


001 001 001 001 


oil oil oil oil 


110110110110 


110011 010110 


100 110 101 100 




CARRY OUT (CLINK) 



















MSB SHIFT IN 



















LSB SHIFT OUT (SLINK) 








1 


1 


1 




SCRATCH? (END) 


010010010010 


110110110110 


101 101 101 101 


100 110 101 100 


001 101 on 000 


1530 


SCRATCHN (START) 


000 000 000 000 


110 010 000 100 


010 110 001 100 


101 010 101 100 


010 101 on 001 




TEMPI 


oil 001 000 010 


oil 001 000 010 


oil 001 000 010 


on 001 000 010 


on 001 000 010 




CARRY IN 



















ALU OUTPUT 


oil 001 000 010 


001 oil 000 110 


010 110 001 100 


101 010 101 100 


010 101 on 001 




CARRY GUT (CLINK) 





1 













MSB SHIFT IN 








1 


1 


1 




LSB SHIFT OUT (SLINK) 











1 







SCRATCHN (END) 


110 010 000 100 


010 110001 100 


101 100 011 001 


010 101 on 001 


101010 110011 


5263 


SCRATCHM (START) 


000 000 000 000 


000 000 000 000 


000 000 000 010 


001 001 loom 


010011 001 111 




TEMP 


000 000 000 000 


000 000 000 000 


000 000 000 000 


000 000 000 000 


000 000 000 000 




CARRY IN 





1 













ALU OUTPUT 


000 000 000 000 


000 000 000 001 


000 000 000 010 


001 001 100 111 


010 011 001 111 




CARRY OUT (CLINK) 



















MSB SHIFT IN 











1 







LSB SHIFT OUT (SLINK) 



















SCRATCHM (END) 


000 000 000 000 


000 000 000 010 


000 000 000 100 


010 011 001 111 


100 110011 no 


4636 



Figure 3-7 FACN Times Operand Fraction 



fiPC Address 



1555- 
1557 



1537 
1514 

1522 



1525 
1526 



Comments 



SCRATCHM, SCRATCHN, and SCRATCHP are manipulated as directed by 
each DB bit. Figure 3-8 tabulates Passes 1,2, 11, and 12 for information. The 
SCRATCH now contains: 



SCRATCHM 


SCRATCHN 


SCRATCHP 


SCRATCHR 


3103 


4153 


7505 


0000 


Go to 1514 









The FAC is tested to determine its sign. In this example the sign is negative; 
thus, the FAC SIGN H signal is asserted and control jumps to 1522. 

When the multiplier is negative, a correction must be made to the number 
presently in the SCRATCH. Consider the following multiplication, for 
example: 



A 


0111 


B 


1011 




0111 




0111 


C 


OHIO 


D 


1001101 



The multiplier, line B, is a negative number. If it were a positive number, the 
partial product in line C would be zero and the answer would be 10101. The 
difference in the two answers is 2-times the multiplicand (rather than 1 -times 
the multiplicand, which might seem to be the case - refer to The Logic of Com- 
puter Arithmetic by Ivan Flores, or a similar work, for discussion of the pecu- 
liarities of 2's-complement arithmetic); thus, 2-times the multiplicand must be 
subtracted from the answer in line D to obtain the correct result. The same type 
of correction must be applied to the number in the SCRATCH; this is done 
beginning with step 1525. 

The SCRATCHS operation has no significance in this example. Go to 1525. 

SCRATCHR is OOOOg for the FP multiply. Continue. 

Subtract TEMP2 from SCRATCHN. Logic 1 is loaded into CLINK. 



SCRATCHN 

TEMP2 (2's Complement) 



100 001 
110 110 



101 01 
110 11 



1 Oil 000 100 010 
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PASS 1 


PASS 2 


PASS 1 1 


PASS 12 


OCTAL RESULT 
IN SCRATCH 




DB CONTENTS (START) 


100 000 000 001 


000 000 000 01 1 


on 000 000 000 


110 000 000 000 






AFTER ROTATION 


000 000 000 01 1 


000 000 000 110 


110 000 000 000 


100 000 000 001 






SCRATCHR (START) 


101 010110011 


010 101 100 no 


110 000 000 000 


100 000 000 000 






ALU OUTPUT 


101 010 110011 


010 101 100 110 


110 000 000 000 


100 000 000 000 






MSB SHIFT IN 


















LSB SHIFT OUT (SLINK) 


1 





1 


1 






SCRATCHR (END) 


010 101 100 no 


101 on 001 100 


100 000 000 000 


000 000 000 000 


0000 




SCRATCH? (START) 


100110011 110 


on 111 001 111 


111 010 101 100 


110 101 on 001 






TEMP2 


001 001 001 001 


001 001 001 001 


001 001 001 001 


001 001 001 001 






ALU OUTPUT 


101 111 100111 


on 111 001 111 


111 010 101 100 


111 110 100010 






CARRY OUT (CLINK) 


















MSB SHIFT IN 


1 





1 


1 






LSB SHIFT OUT (SLINK) 


1 





1 


1 




Ul 


SCRATCHP (END) 


oil 111 001 111 


111 noon no 


110 101 on 001 


111 101 000 101 


7505 


oo 


SCRATCHN (START) 


000 000 000 000 


110010000 101 


101 on 111 001 


010111 noon 






TEMPI 


on 001 000 010 


on 001 000 010 


011001000 010 


on 001 000 010 






CARRY IN 


















ALU OUTPUT 


on 001 000 010 


110 010 000 101 


101 on 111 001 


110000 110 101 






CARRY OUT (CLINK) 


















MSB SHIFT IN 


1 





1 


1 






LSB SHIFT OUT (SLINK) 





1 


1 


1 






SCRATCHN (END) 


110 010 000 101 


100 100 001 010 


010 111 noon 


100 001 101 on 


4153 




SCRATCHM (START) 


000 000 000 000 


000 000 000 000 


000 110 010 000 


001 100 100 001 






TEMP 


000 000 000 000 


000 000 000 000 


000 000 000 000 


000 000 000 000 






CARRY IN 


















ALU OUTPUT 


000 000 000 000 


000 000 000 000 


000 110 010 000 


001 100 100 001 






CARRY OUT (CLINK) 


















MSB SHIFT IN 





1 


1 


1 






LSB SHIFT OUT (SLINK) 


















SCRATCHM (END) 


000 000 000 000 


000 000 000 001 


001 100 100 001 


01 1 001 000 01 1 


3103 



Figure 3-8 FACM Times Operand Fraction 



mPC Address 


Comments 


1527 


Subtract TEMPI from SCRATCHM. Since EXTEND H is asserted, the con- 
tents of CLINK are applied to the carry input of the ALU. Note that only the 
I's complement of TEMPI is taken; the 2's complement has already been 
applied to the 12 LSBs. 




SCRATCHM 


Oil 


001 


000 Oil 




TEMPI (I's Complement) 
Carry In _ 

1 


100 
000 


110 
000 


111 101 

1 

000 001 


1523 


Not applicable, go to 1525. 








1525 


OOOOg to SCRATCHR. 








1526 


SCRATCHN 


Oil 


000 


100 010 




TEMP2 (2's Complement) 

1 


110 
001 


110 

111 


110 111 
oil 001 


1527 


SCRATCHM 


000 


000 


000 001 




TEMP2 (I's Complement) 
Carry In 


100 
100 


110 
110 


111 101 

1 
111 111 


1524 


The number now in the SCRATCH 


is: 






SCRATCHM SCRATCHN 


SCRATCHP SCRATCHR 




4677 1731 




7505 0000 




Goto 1515. 








1515 


Goto 1177. 








1177- 
1241 


The SCRATCH is already normalized, so 

1254. 


the round-off process begins at step 


1254- 
1247 


The number is negative, so 37778 is added to SCRATCH?. The resulting carry 
is added to SCRATCHN, and SCRATCHP is zeroed. The number now in the 
SCRATCH is: 




SCRATCHM SCRATCHN 


SCRATCHP SCRATCHR 




4677 1732 




0000 0000 
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/uPC Address 


Comments 


1516 


The two exponents (FACE in SC, OPE in TEMP6) are added to test for over- 
flow. None occurs in this example. The sum, 00368, is held in the SC. 


1447 


The SC is sent to TEMP7. Because there was no overflow, control jumps to 
1451. 


1451- 
1360 


The result of the multiplication is stored in the FAC. Thus, we have: 




FACE FACM FACN 




0036 4677 1732 




An exit test causes control to jump to FETCH, location 0020. 



3.3.4 FPDIV Firmware 

While multiplication involves a sequence of additions and shifts, or shifts alone, division entails repeat- 
ed subtraction and shifts. Implementation of division requires an examination of the divisor in relation 
to the dividend or partial remainder. A quotient bit is assumed and verified by reduction, i.e., a 
subtraction of the divisor from the dividend or partial remainder. If the reduction produces a result 
having the same sign as the partial remainder, the assumed quotient bit is correct; however, if a sign 
change occurs, the quotient bit is incorrect. If incorrect, the bit is discarded, the partial remainder is 
restored to its pre-reduction condition, a new assumption is made, and another reduction is attempted. 

This process of bit assumption, reduction, and possible restoration is time-consuming. Several meth- 
ods are available for increasing the speed of division. One method involves non-restoration of the 
partial remainder; this is the method that is implemented by the FPP logic; specifically, the FPP 
performs a non-restoring divide of a signed divisor and a positive dividend. The logic compares the 
signs of both the divisor and the quotient bit determined by the previous reduction; the comparison 
determines whether the divisor is subtracted from the dividend or added to the dividend. The com- 
plement of the sign bit of the reduction is then retained as the quotient bit. 

Figure 3-9 shows part of the firmware of a division carried out in the FP mode. The firmware begins at 
the FDIV pointer address, 1403, and includes preliminary steps leading up to the reduction and shift- 
ing operations. The firmware proceeds through the generation of the quotient MSW and LSW. The 
remainder of the division process, much of which has been detailed in preceding examples, is left to the 
reader's ingenuity. The portion of the firmware that is illustrated is described briefly in the following 
commentary. 
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FUIV, DBI'tSHLlF'ACn 



FREE 



SO TO, FQUO (1902] 



i6ei 
tee: 



1632 



lbS4 
1663 



1664 

ibes 



1692 



lbS4 
1669 



1692 



1664 
1669 



//////////FLOATING AND FJXEO POINT DIVIDE////////// 
/SHIFT LINK MOLDS FAC SI1.H AT E^lTRY, CHECK FIR«T FOR lERO DIVISOR 
/(SET DIVZERO FLAG AND EXITJI IF IN FP OR EP MODE, MAKE SORE 
/DIVISOR N0RHEO«-IF NOT, 00 IT; THEN CHECK FOR ZERO OIVIDEND (ANS 
/ALREADY IN FACJi XOR FRACTION SIGNS AND HAKE SIGN OF TEHA 
/EOUAL TO SIGN OF RESULT. SETTING DB'l AT "FHUOt" 
/FORCES CORRECT FIRST DIVIDE OPgRATION, SINCE HARDHARE 
/EXAMINES OBll TO DETERMINE UHAT TO 00, THE DIVIDE IS A NGN- 
/RESTORING DIVIDE OF A SIGNED DIVISOR AND A POSITIVE DIVIBENO, 



1962 
1969 
1964 


FUUO, 


1970 
1671 


FUUOZ, 


1399 
1394 


/SU4R0 

FTOS, 

FTOSl, 


1346 


FT0S3, 


IJ44 
1349 


fT0S2, 


1S72 
1973 
1974 


FliUOl, 



OB, TEH4I"[5M»I [tXT] 

DB, 3CRATCHP:>(a) 

OB, SCRATCHTIiCel 

OB, TEHPt'FACE 

DB> SCIiTEMP 

TINt"HOVE FAC FRACTIOH TO SCRATCH. 

DB, TEMPI'FACH 

OB, SCSATCrtnltTElP 

DB, SCRATCHPiilHJ 



DB, TEHPi'FACN 
OB, SCRATCHM'TEMP 

DB, TEHP7:«TEmPI 

DB, TEMA:"TEHAtl2BITITElPl 

D9:>K1 

/DO 24-aiT DIVIDE 

FOIVIB, SC«ATCHP:»SCRATCHP[1DSJTEMP3 

DIVIA, SCH»TCHN:«SCRATC"NtHOSJ tEXTlTtHP2 

SCRATCHMr'SCRATCir [HDLSTI [E«T! TfcMPl 

fDlvlt), 3CHATCHP;"SCRATCMP(H0SI TEhPJ 

DIVJA, SCRATCHN:"8Cli4TCrlN[>lD51 tEXTJTEHP2 

SCH*TCHH!«SCBaTChHCM0LST1 (EXT) tempi 

FJIvlH, SCKATCflP:«SCR4TC>iP(HDSl TEMP3 

DIV3A, SCR»TCHNI»SCRATC>1N [MOS] tEXTlTEMP2 

sckatchhmscratcxmimdlst] CEXTI tempi 

Fulvln, SCKATCmpI'SCRATCiP [:iDS) TEHP3 

D1V3A, SC«ATCHNI"SCKATCHNt!-10S: [EXT!TtMP2 

SCl<ATCMMi«SCRATCMM[^10i,ST] I6XTI TEMPI 

Fuiviii, schatchp:>sc«atcmp[mos] temP3 



FREE 
FREE 
FREE 

FREE* 
FREE« 



FREE* 
FREE* 



FREE* 
FREE* 

FREE* 
FREE* 
FREE* 



IF TEHPZtRO, F01V8 (1S3B) 

IF DP, FI1UD2 (137B) 

IF NDRMbll, FI1U02 (1970) 

IF FACZbRO, CLRFAC (1090) 
SUB, FTOS (1333) 



IF NOT EP, PT033 (1346) 
GO TO, l'T0S2 (1344) 



IF FACSIiN, FOIVI (1624) 

PRESET BIT COUNT 

IF NOT EP, mi»10 (1632) 



FREE* CSUB, D1V3A (16641 



CIV3A, 



SCR*TCHN!«SCR4TC'lN[M0S] (EXTJTEHP2 
5CRATCMM:cSCRATCmM(M0LST] (EXT) TEMPI 



FREE* 
FREE* 


RETURN 




FREE* 


CSUa, 0IV3A 


(1604) 


FREE* 
FREE* 


RETURN 




FREE* 


CSua, UIV3A 


(1604) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUU, 0IV3A 


(1604) 


FREE* 
FREE* 


RETURN 




FREE* 


CSU6, 0IV3A 


(1604) 


FREE* 
FRtE* 


RETURN 





1632 fuivia, schatchp:»scnatcmp (MDs) TEMP3 

1064 DIVJA, SCRaTCMn:»SCRATC'iN(MOS] [EXT! Tt»P2 
160S SCHAlCMMHSCRATCMMtMULST) [EXTITEMPI 

1632 FUlvll., SCRATCHP:"SCRATCnP [MD31 Tt«P3 

1664 DIV3A, SCRATCH-jhSCRaTCmN ['IDSl (EXTl TtMP2 

1665 SCRATCriM:»SCR4TCn«[HDl,8Tl (EXTITEMPI 

1632 FUIVIH, SCRATCHP:»5C«4TC'iP(M05] TEHP3 

1664 0IV3A, SCRATCMN!«SCS4TC>iH(M09) !EXTlTEMP2 

1665 SCRATCMM:*SCR4TCMMtM0L5TJ [EXTITEMPI 

1632 FDIVIP, SCKATCMPi'SCRATCMPIMDS) TEMP3 

1664 DIV3A, SCRaTCmh!«SCR4TCmN[M0S1 1EXT1TEMP2 

1663 5CfiATCHM!»SCRATCMMlM0LSTl (EXTITEMPI 

1692 FUIvle, SCRATCrtPi"SCRATCMP[M05] T6MP3 

lo64 t)IV3A, SCRATCHNi*SCRATCMN(MOS] (EXT1TEHP2 

1665 SCHATCHMI'SCRATCMH(MDLST] (EXTITEMPI 

1632 FOIVIH, SCR*TCmP:«SCRATCmP(«DS) TEMPJ 

1S64 DIVJA, 6CRATCHN!'5CRATCMN[liDS) lEXTlTEHPa 
1665 5CRAlCMMI«SCRATC'iMlH01,STl (EXTITEMPI 

1632 FOIVIH, SCKATCNP:«SCRATCmP(MDS] TEHP3 

1664 OlVJA, 5CRATCHNi»SCRATCmN[H0SJ iexTlTEMP2 

1665 SCRATCHMi'SCRATClMCMOLSTl (EXTITEMPI 

1693 MOMKOe 

1634 SCKATCHP:»SCRATChP (MDSITEMPJ 

1664 DIV3A, 5CRATCMn:"SCRATCmNIMDS1 IEXTJTEMP2 
1669 SCRATCMMI'SCRATCmMIMDLSTI (EXTITEMPI 



FREE* CSUB, 0IV3A (1004) 



FREE. 
FREE* 


RETURN 




FRtE* 


CSUO, UIV3A 


(1004) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUb, UIVJA 


(1604) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUO, 0IV3A 


(1604) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUS, DIVJA 


(1604) 


FREE* 

FREE* 


RETURN 




FREE* 


CSUS, DIV3A 


(1664) 


FREE* 
FREE* 


RETURN 




FREE* 


CSUO, DIVJA 


(1664) 


FREE* 
FREE* 


RETURN 




FREE* 
FREE* 


PRESET SIT COUNT 
CSUS, DIVJA (1664) 


FREE* 
FREE* 


RETURN 





Figure 3-9 FPDIV Firmware (Sheet 1 of 2) 
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1(164 
1699 



11)64 
1669 



1694 



1664 
1669 



SCR*TCMPt"5C«»TChP [MDSJ TEHPJ 

DIVJ», SCS»TCHNl"SC9»TClNt1D!i) tEXT)T£MP2 

SCB*TCrtMl«8CH»TC>l"tMDL3Tl (EXTITEHPI 

SCRATCMP I«SC«»TCmP IMOS) TEMP3 

DIV}», SeK»TCHNI"SC»»TCMNt10SJ lEXTITEHP! 

5CB»TCHMI«5CRtTCMMCMDL8T! lEXTlTEHPl 



DIV9A, 



SCRATCMPI«3CR»TCMPtHD9)TENP3 



SCR»TCHNI«SCR»TC>iNtHDS) IEXTJTEHP2 
5CR«TCH"ll«SC9»TC«N [MDL8T1 CEXTl TEMPI 



FREE* CSUdi DIV9A Ct664J 



FREE* 

FREE* RETURN 



FREE* C3U8, OlVJt C16S4) 



FREE* 

FREE* RETURN 



FREE* C9Ue, 01V94 (1664) 



FREE* 

FREE* RETURN 



SCKaTCMP!«SCi<»TCiP (HOS) TE«P3 



FREE* CSUb, UIVJA (1664J 



1064 
1669 



DIV9A, 



SCRATCMNMSCRATClNtlDSl lEXTI TENP2 
SCRATCMHi'SCRATC'lMIHOLSTI IfcXTlTEIPl 



FHEE* 

FREE* HETURN 



1664 
166S 



SCKATChP :"SCr<ATC'IP tlOSl TEKP3 



SCRATCmn1«SC«ATCmN!HDSJ tEXTJTENP2 
SCRATCHH:»8CSaTCm,1[HU1.8T1 [EXTl TEMPI 



SCRATCHP!*SCKATCMP[H0SJTEnP3 



FREE* CSUB, UIV3A (161:4] 



FREE* 

FREE* RETURN 



FREE* CSUb, DIV3A (1664J 



1664 
1669 



D1V9A, 



SCR»TCHf(i«SCRATC'IN[MCSI [EXTJTEBP! 
SCRATCH1!*5CRATCiMtMDUSTJ lEXTI TEMPI 



SCRATCHP:»SCR»TCMPt>(DSl TEMP3 



FREE* 

FREE* RETUBN 



FREE* CSUB, 0IV3A (1664) 



1664 0IV9A, SCRATCMNI'SCRATC'iNtMOSJ [EXTITEMP! 

1663 SCRATCHMl*SCR4TC'IMt11,uSTl (EXTITEMPI 

1034 SCHATCHPi»SCRATCxP[N08]TEMP3 

1664 OIVJA, SCRATCMN!*SCRATC>(N(i1DSJ (EXTJTEMP! 
1669 SCHaTCHMI*SC»ATCmM(H|)i,STI lEXTlTEMPl 

1634 SCRATChPI*SCRATCHP [>108! TEMP3 

1664 OIVJA, SCRATCMNl*3CRATC'lNtMD8) CEXT3TEMP2 
tl>69 SCRATCH"l*SCRATCnH(M0l.3Tl lEXTlTEMPl 

1634 9CRATCMPI*5C«»TChP[M08!TEMP3 

1664 DIVJA, SCRATCMNI'SCRATCXNIMOS] IEXT1TEMP2 
1669 3CHATCHMI*»CRATCHM[NDLSTJ [EXTI TEMPI 

1634 SCRATCH? I 'SCR ATCMPtM08)TEMP3 

1664 CIV3A, SCRATCHNl'SCRATCMNtMOSl (EXT]TEMPa 
1669 SCRATCHMI>SCRATCMMCHDL8T] (EXT)TEMPI 



FREE* 

FREE* RETURN 



FREE* CSU6, 0IV3A (1664) 



FREE* 

FREE* RETURN 



FREE* CSUB, I)IV3A (16e4) 



FREE* 

FREE* RETURN 



FREE* CSUB, aiV3A (1664) 



FREE* 

FREE* RETURN 



FREE* CSUB, DIV3A (1664) 



FREE* 

FREE* RETURN 



1639 



Figure 3-9 FPDIV Firmware (Sheet 2 of 2) 
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fiFC Address 


Comment 


1403 


Shift FACM left, send to the DB. FAC sign is loaded into SLINK. Go to 1562. 


1562 


Shift right content of SLINK into bit 4, send to TEMA (put FAC sign into bit 4 
of TEMA). Check operand fraction; if 0, go to FDIVO, which sets DIVO flag in 
Exit Test logic and exits. 


1563, 


to SCRATCHP and SCRATCHT. 


1564 




1564 


Assume divisor is normalized; go to 1570. 


1570 


FAC exponent to TEMP. Check to see if FAC fraction is 0; if so, the answer (0) 
is already in the FAC. (In that case, clear FAC and exit test.) 


1571 


FAC exponent to SC. Go to sub 1333. 


1333, 


FACM to SCRATCHM; go to 1346. 


1334 




1346 


to SCRATCHP; go to 1344. 


1344, 


FACN to SCRATCHN; return to 1572. 


1345 




1572 


Operand MSW to TEMP7. Check FAC sign, if negative, go to 1624 (1624 
complements the SCRATCH so that the dividend is always positive). 


1573 


Add TEMA (FAC sign is in bit 4, Os in bits 5-15) and operand MSW; send 
result to TEMA and DB (effectively XORing fraction signs; carry, if any, is 
lost). Preset bit counter. 


1574 


0001 to DB. Forces a correct first divide operation. 


1632- 
1665 


First 12 reduction/shifting operations. 


1633 


Move quotient MSW to MQM. 


1634- 
1665 


Second 12 reduction/shifting operations. 


1635 


Move quotient LSW to MQN 
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CHAPTER 4 
FPP8-A LOGIC 



4.1 FPP8-A BLOCK DIAGRAM 

The FPP logic is contained on two printed circuit boards - the Control logic board (M8410) and the 
Data Path logic board (M841 1). A block diagram of the Control logic is shown in Figure 4-1, while a 
similar diagram for the Data Path logic can be seen in Figure 4-2. 



FROM 
DATA PATH 



REGISTER 
FLAGS 



MUX 



'^ 



• STATUS 



COMMAND 



lOT 

INSTRUCTION 

DECODE 



^lPC 

GATING 

CONTROL 



DATA LINES MD LINES 



DATA LINES 



TO 
DATA PATH 



CONTROL ROM 



MPC 



MUX 



I — r 



FPP 

INSTRUCTION 

DECODE 



MD LINES 



file clock 
ijpc clock 



PULSE 
GATING 



free-running 
clock 



OMNIBUS 
TIMING PULSES 



Figure 4-1 Block Diagram, Control Logic 
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TO CONTROL BOARD 
( REGISTER FLAGS) 



FROM 
CONTROL 
BOARD 
LOGIC 



FILE CLOCK L 



PIPE -LINE 

REGISTER LOGIC 

(FLIP-FLOPS,ROMS) 



(ARITH<a'3>H) 



(ARITH (0 3) H) 



( ALOC(0:4)L) 

/BRLOC(0:4)L\ 
VbWLOC(0:2)L^ 



CONSTANT 
GENERATOR 



J r 



DATA CONDITIONS 

r- 



SHIFT 
LOGIC 



SHIFT GATES 
X 



ALU 

BIN A IN 



«3 
GATES 



B FILE REG.S 
8 16-BIT 
WORDS 



GATES 



DATA BREAK 
AND lOT — 
CONTROL 
SIGNALS 



1 r 1 

MD LINES DATA LINES 



A FILE REG.S 

32 15-BIT 

WORDS 

1 



FROM 
CONTROL BRD 



BREAK 
CONTROL 



BKEMA 
BKMA 



CPU 

DATA BREAK 

CONTROL SIGNALS 



CPU 
CONTROL SIGNALS 



MA, EMA LINES 

08- 1746 



Figure 4-2 Block Diagram, Data Path Logic 



One of the Control logic functions is lOT decoding. The decoding process uses and produces the 
familiar PDP-8 I/O control signals (I/O PAUSE L, TP3 H, CO L, SKIP L, etc....). The FPCOM lOT 
instruction loads the Command register and part of the Status register with information that selects 
various FPP operating features. The Status register also monitors some significant operating charac- 
teristics, and the stored information concerning these characteristics can be tested by both the ^PC 
Gating Control logic and the FPRST lOT instruction. 

The Control board includes logic that provides a clock for the entire FPP. The ^PC CLOCK signal is 
utilized by the Control logic; it generates, in turn, the FILE CLOCK signal that is used by the Data 
Path logic. 

The central element in the Control logic is the Control ROM. This element generates signals that direct 
operations in both the Data Path logic and the Control logic. Control ROM locations are accessed by 
the /uPC register, which is supplied with address information from a number of sources. One of these 
sources is the Control ROM itself, which provides a jump address when control is to be transferred to 
a subroutine (if a jump address is not provided by the ROM or by one of the other sources, the iiPC 
address is merely incremented to the next consecutive address). Another source is the SP register; when 
control is to be transferred to a subroutine and then returned, the return address is saved in the SP and 
gated to the /iPC at the end of subroutine operations. Finally, when FPP instructions are decoded, the 
decoding logic forces the uPC address to the routine dictated by the instruction. 

The source that is selected to provide the address of the next Control ROM location depends on the 
operation being directed by the present Control ROM location. The present location generates signals 
that regulate the ^PC Gating Control; this logic then examines its inputs and gates the /uPC register 
sources in such a way that the appropriate address is supplied to the fiPC. For example, if the present 
location directs a jump to a subroutine, with return, the juPC Gating Control causes the return address 
to be saved in the SP, places the ;ifPC in the parallel-load mode, and multiplexes the jump address 
contained in the present location to the /xPC. Or, consider the Register Flags logic for a moment. The 
FPP logical sequence periodically checks the data being manipulated and follows a course of action 
that reflects some data condition, which has been temporarily stored in the Register Flags logic. The 
present location might direct a conditional address jump based on the state of a selected register flag. 
The juPC Gating Control logic looks at the signal representing the register flag; if the stated condition 
is positive, the mPC receives the jump address contained in the present location, but if the condition is 
negative, the fiPC is kept in the counting mode and the /iPC address is merely incremented. 

Conditional jumps are also carried out based on the contents of the Status and Command registers. 
For instance, the FPP logical sequence depends heavily on what calculating mode was programmed - 
DP, FP, or EP. Thus, the DP and EP status flags are often checked during operations to determine 
whether or not an address jump should be carried out. 

Each Control ROM location generates signals that are applied to the logic on the Data Path board 
(Figure 4-2). Except for three signals that are put to use in the Break Control logic, all the Control 
board signals are applied to the Pipe-Hne register logic, which consists of a number of flip-flops and 
ROMs. This logic provides gating and control signals necessary for the Data Path manipulations. The 
signals shown in the Pipe-line register logic block are generated by the Control ROM. It is these 
signals, primarily, that are responsible for manipulating the Data Path elements with which they are 
associated. The ARITH (0:3) H signals are responsible for controIUng the ALU and gating the Shift 
Gates; they do so by generating, in turn, a number of signals in the Pipe-line register logic (these latter 
signals are not indicated in the block diagram). The ALOC (0:4) L signals are applied, indirectly, to the 
A-file and select registers for reading and writing* (the signals shown are inputs to the Pipe-line regis- 
ter;their names change at the output). The BRLOC (0:4) L and BWLOC (0:2) L signals select B-file 
registers for reading and writing; the BRLOC (0:4) L signals select the DB register, the FIR register, or 



♦'Reading' is defined as gating the contents of the selected source to the appropriate ALU input; 'writing' is 
defined as gating the OBUS contents to the selected register. 
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the Constant generator for reading. Tables 4-1, 4-2, and 4-3 relate the ALOC (0:4) L, BRLOC (0:4) L, 
and BWLOC (0:2) L signals, respectively, to the sources selected for reading and writing. Table 4-4 
lists the ARITH (0:3) H signals and describes the operation carried out by the ALU and the Shift 
Gates for each set of signals. (More information concerning Data Path signals can be found in drawing 
D-CS-M8411-0-1 of the FPP8-A Print Set.) 



Table 4-1 ALOC (0:4) L Functions 



ALOC (0:4) L 


Sources Selected for Reading or Writing* 





1 


2 


3 


4 


(Source gated to A input of ALU or loaded from OBUS) 


H 


H 


H 


H 


H 


FPC 


H 


H 


H 


H 


L 


XO 


H 


H 


H 


L 


H 


BR 


H 


H 


H 


L 


L 


OPADD 


H 


H 


L 


H 


H 


APTP 


H 


H 


L 


H 


L 


TEMA 


H 


H 


L 


L 


H 


FIELD 


H 


H 


L 


L 


L 


NOT USED 


H 


L 


H 


H 


H 


FACE (EXPONENT) 


H 


L 


H 


H 


L 


FACM [FRACTION (0:11)] 


H 


L 


H 


L 


H 


FACN [(12:23)] 


H 


L 


H 


L 


L 


FACP [(24:35)] 


H 


L 


L 


H 


H 


FACR [(36:47)] 


H 


L 


L 


H 


L 


FACS [(48:59)] 


H 


L 


L 


L 


H 


NOT USED 


H 


L 


L 


L 


L 


SC 


L 


H 


H 


H 


H 


SCRATCHE 


L 


H 


H 


H 


L 


SCRATCHM 


L 


H 


H 


L 


H 


SCRATCHN 


L 


H 


H 


L 


L 


SCRATCHP 


L 


H 


L 


H 


H 


SCRATCHR 


L 


H 


L 


H 


L 


SCRATCHS 


L 


H 


L 


L 


H 


SCRATCHT 


L 


H 


L 


L 


L 


NOT USED 


L 


L 


H 


H 


H 


MQE 


L 


L 


H 


H 


L 


MQM 


L 


L 


H 


L 


H 


MQN 


L 


L 


H 


L 


L 


MQP 


L 


L 


L 


H 


H 


MQR 


L 


L 


L 


H 


L 


MQS 


L 


L 


L 


L 


H 


NOT USED 


L 


L 


L 


L 


L 


NOT USED 



* READ A H must be asserted for reading. 
WRITE A H must be asserted for writing. 
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Table 4-2 BRLOC (0:4) L Functions 





BRLOC (0:4) L 


Sources Selected for Reading 





1 


2 


3 


4 


(Contents gated to B input of ALU-0 goes to (1:3) unless otherwise noted) 


L 


H 


H 


H 


H 


TEMP 


L 


H 


H 


H 


L 


TEMPI 


L 


H 


H 


L 


H 


TEMP2 


L 


H 


H 


L 


L 


TEMPS 


L 


H 


L 


H 


H 


TEMP4 


L 


H 


L 


H 


L 


TEMPS 


L 


H 


L 


L 


H 


TEMP6 


L 


H 


L 


L 


L 


TEMP7 


L 


L 


H 


H 


H 


Bits (1:3) of TEMP to (1:3), DB to (4:15) 


L 


L 


H 


H 


L 


to (1:3), DB to (4:15) 


L 


L 


H 


L 


H 


IfFlR4=0,Bits(9:ll)ofFIRto (13:15), Oto (4:12) 
IfFIR 4=1, Bits (5:11) ofFIR to (9:15), to (4:12) 


L 


L 


H 


L 


L 


Bits (6:8) of FIR to (13:15), to (4:12) 


L 


L 


L 


H 


H 


NOT USED 


L 


L 


L 


H 


L 


NOT USED 


L 


L 


L 


L 


H 


Bits (1:3) of A input to (13: 15) 


L 


L 


L 


L 


L 


Bits (1:3) of A input to (13:15), lOSg to (4:12) 


H 


H 


H 


H 


H 


CONSTANT (0) 


H 


H 


H 


H 


L 


CONSTANT (1) 


H 


H 


H 


L 


H 


CONSTANT (2) 


H 


H 


H 


L 


L 


CONSTANT (3) 


H 


H 


L 


H 


H 


CONSTANT (-1) 


H 


H 


L 


H 


L 


CONSTANT (-2) 


H 


H 


L 


L 


H 


CONSTANT (-27) 


H 


H 


L 


L 


L 


CONSTANT (-73) 


H 


L 


H 


H 


H 


Bits (1:3) of TEMP to (1:3), to (4:15) 


H 


L 


H 


H 


L 


CONSTANT (14) 


H 


L 


H 


L 


H 


CONSTANT (-14) 


H 


L 


H 


L 


L 


CONSTANT (-5) 


H 


L 


L 


H 


H 


CONSTANT (-6) 


H 


L 


L 


H 


L 


CONSTANT (2000) 


H 


L 


L 


L 


H 


CONSTANT (4000) 


H 


L 


L 


L 


L 


CONSTANT (-30) 
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Table 4-3 BWLOC (0:2) L Functions 



BWLOC (0:2) L 


Sources Selected For Writing* 





1 


2 


(OBUS contents loaded into selected register) 


H 


H 


H 


TEMP 


H 


H 


L 


TEMPI 


H 


L 


H 


TEMP2 


H 


L 


L 


TEMPS 


L 


H 


H 


TEMP4 


L 


H 


L 


TEMP5 


L 


L 


H 


TEMP6 


L 


L 


L 


TEMP7 



*WRITE B H must be asserted. 



Table 4-4 ARITH (0:3) H Functions 



ARITHO H 


ARITH 1 H 


ARITH2 H 


ARITH3 H 


Function Carried Out in Data Path Logic 


L 


L 


L 


L 


A + B + CARRY ( 1 5 bits) to OBUS. 


L 


L 


L 


H 


(A + B + CARRY) * 2 to OBUS (2*B). 


L 


L 


H 


L 


(A + B + CARRY) Logically right-rotated 3 places to OBUS. 


L 


L 


H 


H 


(3 * B + CARRY) (15 bits) to OBUS (3*B). 


L 


H 


L 


L 


(3 * B + CARRY) * 2 to OBUS (6*B). 


L 


H 


L 


H 


A + B + CARRY ( 1 2 bits) to OBUS. 


L 


H 


H 


L 


to OBUS (15 bits). 


L 


H 


H 


H 


A sign to OBUS (0000 or 7777). 


H 


L 


L 


L 


B to OBUS (12 bits). 


H 


L 


L 


H 


A + B + CARRY (12 bits) to OBUS (A-B). 


H 


L 


H 


L 


Exponent Size (12 bits). 


H 


L 


H 


H 


Overflow recovery (Complement of sign to SGN L, shift right) 


H 


H 


L 


L 


(A + B + CARRY) * 2 + Shift Bit (12 bits) to OBUS. 


H 


H 


L 


H 


(A + B + CARRY) ^ 2 + Shift Bit (12 bits) to OBUS. 


H 


H 


H 


L 


Divide Final. 


H 


H 


H 


H 


MUL/DIV Step. 



4-6 



Since the purpose of the Data Path logic is data manipulation, the ALU and the Shift Gates are of 
primary importance, for it is these elements that carry out the maneuvers required for both data 
calculation and data circulation. However, the data, itself, must first be supplied to the logic before 
any other operations can be started. The task of transferring data to the FPP from the PDP-8 CPU, 
and in the reverse direction as well, is carried out by the DB register. The DB can receive data from any 
one of three sources. Two of these sources (Omnibus DATA and MD lines) are involved with data 
input (to the FPP), while the third source (FPP OBUS lines) is related to data output. 

The Omnibus DATA lines provide input information for the DB during initialization, when the APT 
pointer address is loaded into the DB for transfer to the APTP register. During all other input trans- 
fers, the information is taken from the Omnibus MD lines. This information can be strictly data that is 
to be used in calculations or it can be an FPP instruction. If the information is data, i.e., an operand, it 
is loaded into the DB register and multiplexed to the B inputs of the ALU. The ALU and the Shift 
Gates then place the data on the OBUS, and it is loaded into the selected file register. If the informa- 
tion is an FPP instruction, the procedure is somewhat different. Certain bits of the first 12-bit word of 
the instruction are loaded into the FIR register (the second word of the instruction, if applicable, is 
loaded into only the DB). This operation permits either the field bits of a double-word instruction to 
be saved, or the offset of a single-word instruction to be added to the base address. The FIR output 
and the DB output, which together specify a 15-bit operand address, can then be placed on the OBUS 
and gated to the A-file OPADD register and to the BKMA/BKEMA registers. The address is placed 
on the Omnibus MA and EM A Hnes, and a data break is requested. When the request is granted, the 
operand is placed on the MD lines by the CPU and loaded into the MB register. 

Since the DB register contents can be gated onto the Omnibus DATA lines, the data in any file register 
or the results of any calculation carried out in the FPP can be sent to the PDP-8 CPU. The reason 
might be storage, as in the FMULM instruction, for example, or it might be for visibility during 
maintenance operations. 

When the data required by an FPP instruction has been specified, the ALU and the Shift Gates can be 
put to work to carry out the necessary operations. The ALU performs direct addition and subtraction 
(2's complement) with the quantities on its A and B inputs; multiplication and division are effected 
with the aid of the Shift logic. See Table 4-4 for a list of the available operations. 

The *3 Gates shown at the ALU inputs are used during address decoding to account for the fact that 
operands are of various word lengths, depending on the operating mode. For example, in the FP 
mode, operands comprise three data words; hence, an operand address must be multiplied by 3 to 
obtain the next operand address. This multiplication is accomplished as follows: The *3 Gates gate the 
address on the ALU B inputs to the ALU A inputs, while at the same time shifting the address left one 
place, i.e., bit 1 5 of the B input, for example, is gated to bit 14 of the A input, and so on (this operation 
multiplies the binary number by 2); then, the A and B inputs are added, i.e., the address is added to 2- 
times the address. If the mode is EP, the operand address must be multiplied by 6. This multiplication 
begins as just described. Then, the ALU output, which is 3-times the B-input address, is shifted left one 
place in the Shift Gates, resulting in the desired multiplication. 

4.2 CONTROL LOGIC 

Detailed descriptions of the significant portions of the logic on the Control board appear in Para- 
graphs 4.2.1 through 4.2.9. 
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4.2.1 lOT Decoding Logic 

The lOT Decoding logic is shown in Figures 4-3 and 4-4. Figure 4-3 illustrates that part of the logic 
that decodes the Omnibus MD bits. The comparator, E12, decodes MD bits (0:8) [I/O PAUSE L is 
asserted if MD (0:2) L is 68] and generates the FPIOT L signal when device codes SSg or 568 are 
detected. PROMs E55 and E56 decode the MD (9: 1 1) L signals to generate the specific lOT instruction 
signals. The PROM inputs are related to the lOT instructions by Table 4-5. 

Figure 4-4 shows the PROM output signals that are generated in response to the lOT instructions. 
Table 4-5 relates the PROM input/output signals (in the "INPUT SIGNAL LOW" column, the logic 
levels of the MD bits are listed; these must be inverted to get the levels actually applied to the PROM 
inputs). PROM E56 can be enabled when the FPP is running. Among the operations that can be 
initiated by E56 are maintenance and exit. Unlike E56, ESS is enabled only when the FPP is not busy, 
i.e., when BUSY H is negated. In such a situation, the ix?C register contains address 0, 1, 2, or 3. 

When the FPP is turned on but has not yet been started, the Control ROM location alternates between 
and 3 (see Paragraph 4.2.7 for details concerning FPP initialization). Each location contains the 
jump address of the other. That is, when address is in the /uPC, the Control ROM location points to 
address 3. At clock pulse time, address 3 is loaded into the fiPC. Now the Control ROM location 
points to address 0, which is loaded into the fiPC by the next clock pulse, 

lOT instructions are decoded during the time that address is held in the fiPC. Assume, for example, 
that FPST is issued. ESS asserts mP8IN L and mP9IN L. The Control ROM points to address 3, i.e., the 
ROM asserts juPlOIN L and mPI UN L. Thus, at clock-pulse time, address ITg is loaded into the /iPC 
register and the FPP firmware jumps to the maintenance program. If FPCOM had been issued, 
instead, address 7 would be loaded at clock time, the APT pointer field bits would be sent to the 
FIELD register, and the fiPC would return to address 0. FPCOM is followed by the FPST instruction 
when initialization is being carried out. Address 138 is forced into the mPC, the APT pointer address is 
sent to the APT register, and the FPP jumps to the GETAPT routine. 

If the FPP had been operating and was returned to the "paused" condition (jiPC address 2), it could be 
restarted with the FPST instruction, which forces address 6 into the fiPC register. Should the FPHLT 
instruction be issued while the FPP is paused, address 168 is forced into the jiiPC, the FPC is decre- 
mented, and an exit is carried out. 

4.2.2 Status and Command Register Logic 

Figure 4-5 illustrates the Status and Command Register logic. The Command register, E8, is loaded 
from the DATA (1:8) L lines when the FPCOM instruction is decoded. Bit of the Status register, E3 
and E4, is also loaded by FPCOM, this bit representing the FPP's calculating mode (FP or DP). 

The Status register holds not only FP/DP information, but also information provided by the Exit Test 
logic (refer to Paragraph 4.2.9), the EP mode bit (loaded by the FPEP instruction), and the Trap 
instruction bit. The Status information can be read by both the FPIST and FPRST instructions, the 
former clearing the Status register after gating the information onto the DATA lines. 

If the FMRP instruction is issued, the ^PC register address is gated onto the DATA lines. The infor- 
mation is valid in maintenance mode and in normal mode provided the FPP is not free-running. 

4.2.3 Control ROM Logic 

The Control ROM was referred to in Chapter 3 in relation to the FPP firmware. The logic is illustrated 
in Figure 4-6. The complete Control ROM array consists of 31 1024-bit PROMs arranged to provide a 
total of 768 (HOOg) 44-bit word locations. Word locations are addressed by the outputs of the fiPC 
register, represented by the fiPC (2:11) H signals. For clarity. Figure 4-6 shows only a portion of the 
array; i.e., 8 PROMs are missing from each row. 
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Figure 4-3 lOT Decoding Logic (A) 
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Figure 4-4 lOT Decoding Logic (B) 



Table 4-5 PROMs E55/E56 Input/Output Tables 
£55 (Enabled if 655X lOT is issued when FPP is not Busy) 



Input 


Input Signal Low 


Output Signal Asserted 




Code 


mPCIO H 


mPCII h 


MD9L 


MDIOL 


MDllL 


CO L/Cl L 


mP8 in L 


mP9 in L 


FPICL H 


FPIST L 


FPCOM L 


SKIPL 


lOT Instruction Decoded 





X 


X 










X 


X 










FFST(mPC=17) 


3 


X 


X 




X 


X 






X 






X 




FPCOM (mPC=7) 


5 


X 


X 


X 




X 




X 










X 


FPST(START,mPC=13) 


11 


X 








X 














X 


FPINT 


17 


X 




X 


X 


X 


X 






X 


X 




X 


FPIST 


24 




X 


X 








X 


X 










FPHLT(|uPC=16) 


25 




X 


X 




X 






X 








X 


FPST (CONTINUE, mPC=6) 















E56 (Enabled when FPP lOT 


IS Decoded) 












Input 




Input Signal 


Low 




Output Signal Asserted 


lOT Instruction 


Code 


MAINT H 


MD8L 


MD9L 


MDIOL 


MDllL 


CO L/Cl L 


FMDOL 


FMODE L 


FPHLT L 


FMRPL 


DB IN lOT H 


FPRST L 


FPICL H 


Decoded 


1 










X 






X 












FMODE 


3 








X 


X 


X 












X 




FMRB 


4 






X 






X 








X 








FMRP 


5 






X 




X 




X 














_ 


12 




X 




X 


















X 


FPICL 


14 




X 


X 












X 










FPHLT 


16 




X 


X 


X 




X 












X 




FPRST 


23 


X 






X 


X 


X 










X 






FMRB (MAINT) 


24 


X 




X 






X 








X 








FMRP (MAINT) 


25 


X 




X 




X 




X 














FMDO (MAINT) 


32 


X 


X 




X 


















X 


FPICL (MAINT) 


34 


X 


X 


X 












X 










FPHLT (MAINT) 


36 


X 


X 


X 


X 




X 












X 




FPRST (MAINT) 



4-11 



CBl 
CB1 B 



FMRP L Oj N^ 

PAUSE L— r-o l y 



^o 



CB1 
CB 



1 FPRST L dl \-^ 

1 FRIST L— I C y . y^ 



„^r)- 



CB4 BTP3 

CB4 RESET L 
CB4 ^PC CLOCK L 



DATA (0:3) L 



DATA (4:71 L 



DATA (8:i1 1 



<■ Si 



*0 *1 '2 '3 



El 
8234 



OSr 



Bo Aq B, a, 82 A2 B3 A3 



T 




T 



CB4 
/iPC2 H 



fn U U 



E21 
8234 



-OSr 



Bq Aq B, a, Bg Ag B3 A3 



CB4 
;tPC3 H 



CB4 
/iPC4 H 



CB4 

^PC5H 



CB4 
/iPC6 H 



CS, 



fn f, 



EG5 
8234 



OS. 



CB4 
/iPC7 H 



CB3 
TO MEM H 



CB2 DP H 



082 EPH 



CB2 FEX H 



•^0(1) f'Kt) f'2(1) "3(1 



CLR 



E3 
8613 



Do Go D, G] Dg Gg D3 G3 
— C \ !? 



FPCOM L 






J3-^ 




DATA 



"^D^ r-t> 



±E> 



+ 3V 



CB2 
DIV0 H 



CB2 DP 
OVFLO H 



CB2 EXP 
OVFLO H 



CB2 BUSY L- 
CB1 SYNCED/iPCII H- 



CB2 EXP 
UNDFLO H 



E14 
8613 



CLK 
Dq Gq D| G I Dg Gg D3 G3 



T I T I r II 



CB4 
CR 



^CLR_^ 



(SEE EXIT TEST LOGIC) 



(SEE EXIT TEST LOGIC) 



LOW WHEN TRAP 

INSTRUCTION ISSUED 

(mPC=76 ) 



CB4 BTP3 



'^zy 



CB4 

/*PC8 H 



CB4 
^PC9 H 



n 



CB4 
^PC11 H 



^ 



-CB4;4PC10 H 



CB6 BUSY H 



D- 



LOCKOUT H 



> 



INT ROST L 



CB2 ZTRAP H 
CB2 PROT H 



E8 
74LS174 



CLK 
D5 D4 D3 Dg D, Do 



T 



Q _QQQQ 



TS~Tg poo p'U U' ■nr-n" 



8613 



8234 



T9 STTT 



CLR 


Dn 


Gn 


Rnd) 




SO 


S1 


Fn 


LO 


HI 


LO 


HI 


LO 


LO 


Bn 


LO 


LO 


LO 


LO 


HI 


LO 


An 


LO 


X 


HI 


NO CHANGE 


LO 


HI 


Bii 


HI 


X 


X 


LO* 


HI 


HI 


1 



DATA 8 L ' ' DATA 3 L DATA I L 

°*-^*'^^^'^ DATA 2 L 



•ASYNCHRONOUS TRANSITION 



Figure 4-5 Status and Command Register Logic 
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Figure 4-6 Control ROM Logic 
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juPC Addresses 


MPC2H 


mPC3 


0-3778 


LO 


LO 


1000-13778 


HI 


LO 


1400-17778 


HI 


HI 



Each row of PROMs furnishes 256 word locations. The rows are addressed by the /tPC (2:3) H signals. 
Locations within each row are selected by the fiFC (4:11) H signals. The relationship between uPC 
addresses and the enabled PROMs is given below. 

PROMs Enabled 

Bottom row (E77-E1 19) and E69 
Middle row (E79-E121) and E69 
Top row (E78-E120) and E69 

Note that PROM E69 is enabled for all addresses. This PROM supplies timing signals that are used in 
the Clock logic; the timing signals are utilized only for /xPC address 0-377. In the free-running area 
(addresses of 1000 and above), E69 is enabled but its outputs are irrelevant. 

4.2.4 AtPC/SP Register Logic 

Figure 4-7 shows the AtPC/SP Register logic. The jttPC register (E68, E67, and E71) addresses the 
Control ROM locations. The register is supplied with address information from the SP register or 
from the ^PIN (2: 1 1) L lines; the latter source carries a jump address from the Control ROM or from 
the Instruction Dispatch logic. 

The iiPC register has two operating modes, namely, count and parallel-load. If the LOAD /iPC L 
signal has been asserted by the /uPC Gating Control logic, the register is parallel-loaded with the 
address information on the PCL lines. If LOAD fiPC L is not asserted, the register is in the count mode 
and its contents are incremented at clock-pulse time. 

The address information that appears on the PCL lines is either a jump address or a return address. A 
jump address is placed on the uPW lines when an FPP instruction is decoded, when one of a number 
of possible tests on the data being manipulated proves to be true, when a new FPP instruction is to be 
fetched, or when control is to pass to a subroutine, with or without return to the departure point. In 
each of these instances, the multiplexers pass the jump address information to the fiPC register and the 
asserted LOAD juPC L signal enables the address to be loaded by fiPC CLOCK L. 

When the information in the Control ROM present location directs that control jump from the present 
address to a subroutine and then return, the return address is saved in the SP register. When the 
subroutine has been completed, the fiPC Gating Control logic asserts the RETURN L signal, thereby 
gating the return address from the SP register to the fiPC register inputs. The return-address-save is 
accomplished by the logic that includes the COUNT SP flip-flop. For example, assume that the 
present location is /uPC address OOSOg, and it calls for a jump to address 00608, with return. The signals 
[mPCTRL (0:4) L] asserted by the Control ROM cause the mPC Gating Control logic to assert the SUB 
L signal, which, in turn, asserts INCR SP L and LOAD SP L. The juPC CLOCK L pulse of address 

0050 both loads address 0050 into the SP register and sets the COUNT SP flip-flop. The same pulse 
loads address 0060 into the ^PC register. Then, the itPC CLOCK L pulse of address 0060 both 
increments the SP register and, because SUB L is now negated, clears the COUNT SP flip-flop. The 
last address in the subroutine will generate signals that cause RETURN L to be asserted; thus, address 

0051 will be loaded into the ^uPC register and control will resume the main routine at that point. 
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Figure 4-7 juPC/SP Register Logic 
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During multiply and divide operations, it is necessary to have certain functions carried out repetitively; 
that is, a subroutine is called 12 times in succession before the main routine is allowed to resume. In 
this circumstance counter E25 is activated. At some time prior to the subroutine call, the ixPC Gating 
Control logic asserts the LOAD BIT COUNT L signal; the next clock pulse loads E25 with a starting 
count of OIOO2. When the subroutine is called, by address 0070, for example, the CSUB L signal is 
asserted and the ^PC CLOCK L signal both loads the SP register with 0070 and increments counter 
E25. At the end of the subroutine, control returns to 0070; again, CSUB L is asserted, the SP is loaded, 
and E25 is incremented. This happens 12 times in succession. On the 12th assertion of CSUB L, E25 is 
incremented to a count of 0000 and generates a carry out that enables NAND gate E6. Hence, INCR 
SP L is asserted and the SP register is incremented by the clock pulse that occurs during the first 
address of the subroutine (the 12th occurrence of this address). When the subroutine finishes its 12th 
pass, control returns to address 0071 and the main routine resumes. 

4.2.5 fiPC Gating Control Logic 

The ixPC Gating Control logic is shown in Figure 4-8; its primary function is to control the loading of 
the mPC register. The logic includes two multiplexers, E42 and E61, and two decoders, E15 and ElO, all 
of which are controlled by the /uPCTRL (0:4) L signals. The two multiplexers cause LOAD juPC L to 
be asserted if a selected test condition is true. The two decoders also assert LOAD /uPC L, but, with 
one exception, no conditions are attached to the assertion. 

During an FPP operation various courses of action can be carried out by the logic, depending on the 
condition of the data at a selected moment. For example, after the addition of two floating-point 
numbers, the result must be normalized. However, if a test of the resulting data shows that it is already 
normalized, the normalization routine can be skipped, saving a great deal of time. To carry out such a 
test, the Control ROM asserts the signals necessary to load the data into a specific register. The 
condition of the data is reflected by the state of a flag, NORMED H in the case of a normalization test. 
To check the state of the flag, a subsequent Control ROM location asserts the jttPCTRL (0:4) L signals 
so as to select input DO of multiplexer E42 for testing; in addition, this location provides an address to 
which control jumps should the data be normalized. If the data is normalized, NORMED H is 
asserted; thus, LOAD juPC L is asserted, and the jump address is loaded into the fiPC register. 

All the signals that can be selected by the two multiplexers are listed following this paragraph; included 
is a brief description of the meaning of each signal. More detailed information concerning most of 
these signals can be found in the Register Flags logic. 

Signal Meaning (When Asserted) 

NORMED H The tested data is normalized. 

MOVE OK H The tested data is such that an entire 12-bit word can be shifted (the 13MSBs 

of the word are all or all 1). 

OVFLO H An overflow condition has occurred during a calculation. 

ZIN H A JNX instruction is being carried out; the contents of the addressed index 

register are 0. 

PS H A Fast Start has been programmed. 

EP H The EP calculating mode has been programmed (or, the EP mode has not 

been programmed). 

DP H The DP mode has been programmed. 
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CB7 NORMED H 
CB7 MOVE OK H 
DPS OVFLO H 
DPI ZIN H 
CB2 FS H 
CBZ EP H 

CB2 DPH 



CB6 ^PCTRL 0L 
CB6 ^PCTRL 1 L 



CB6 ^PCTRL 2 L 
CBS ^PCTRL 3 L 
CB6^PCTRL 4L 



CB7 SIGN H 
CB7 FORBIDDEN H 
CB7 TEMP SGN H 
CB7 TEMP ZERO H 
CB7 FAC ZERO L 
CB7 FAC SIGN H 
CB2 NZ SETH 
CB3 TO MEM H 
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Figure 4-8 ^PC Gating Control Logic 
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Signal Meaning (When Asserted) 

SIGN H The sign of the tested data is negative. 

FORBIDDEN H A calculation has produced the result 4000 0000 (DP or FP mode; if EP, 36 

additional Os). 

TEMP SGN H The sign of the tested data is negative. 

TEMP ZERO H The tested data is 0. 

FAC ZERO L The data in the FAC fraction is 0. 

FAC SIGN H The sign of the data in the FAC is negative. 

NZ SET H Exponent underflow has not occurred, or a trap of a possible underflow has 

been programmed. 

TO MEM H The calculation result is to be transferred to memory. 

Decoders E15 and ElO can assert the LOAD fiPC L signal, thereby causing an unconditional jump to 
an address provided by the Control ROM, by the Instruction Dispatch logic, by the SP register, or by 
the Exit Test logic. Decoder El 5 generates three output signals (at fO, fl, and f2) that are used in the 
mPC/SP register logic; three other output signals (at f3, f4, and f5) are used in the Instruction Dispatch 
logic. When any of these six signals is asserted, output 17 is high; hence, NAND gate E32 is enabled 
and LOAD |uPC L is asserted. For example; assume that the Control ROM location directs El 5 to 
assert INST DISP 1 L. This means that the Instruction Dispatch logic will decode an FPP instruction 
and place an appropriate address on the mPIN lines (refer to the fiPC/SP register logic). The asserted 
LOAD mPC signal will enable the address to be loaded into the fiPC register, and the first ROM 
location of the FPP instruction will be addressed. 

When the ^PC address is to be incremented to the next consecutive address, f7 of decoder E15 is 
asserted. NO JUMP L keeps LOAD (uPC L negated, and the mPC register is placed in the count mode. 

Decoder ElO can also assert LOAD juPC L. When the Control ROM location directs an FPP instruc- 
tion fetch, output ft) is enabled; LOAD ^PC L permits an address provided by the Exit Test logic to be 
loaded into the mPC register. Output f6 permits testing of the EXPFL flag; if the flag is set, indicating 
that the sign of the SC register is negative (refer to the Register Flags logic), the jump address provided 
by the ROM location is loaded in the mPC. The remaining outputs of EIO are applied to the Status 
register, the Exit Test logic, or the ixPC/SP register logic, and do not directly affect LOAD fiPC L. 

4.2.6 Register Flags Logic 

The FPP logic periodically checks the data being manipulated and follows a course of action that 
reflects the condition of the data. For example, during floating-point addition, the logic tests the 
fraction of both numbers. If either fraction is zero, many steps normally performed during an addition 
can be dispensed with. 

The data is checked as it is placed on the OBUS (4:15) L lines. The logic shown in Figure 4-9 contin- 
ually monitors the OBUS lines and generates six output signals that identify certain characteristics of 
the data word. These signals, except OVFLO H, are applied to the Register Flags logic, shown in 
Figures 4-10 and 4-11. The Register Flags logic records the characteristics of any data word that is 
being written into registers TEMPI through TEMPS, SCRATCHM through SCRATCHS, FACM 
through FACS, or the SC, and generates an output signal that can be tested later. 
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Figure 4-9 OBUS Flags 
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Figure 4-10 Register Flags (SC, FAC) 
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Consider Figure 4-10. The logic represented here records certain features of the data words that are 
written into the SC register or into the FAC register. The desired register is identified by the ALOC 
(0:4) L signals when WRITE A H is asserted. Decoder E90 then asserts an output signal that enables 
the particular characteristic of the data word to be retained in gated flip-flop E89 or E99. Table 4-6 
relates the ALOC (0:4) L signals, the selected register and the meaning of the output signals generated. 
For example, when a data word is being written into the SC register, the ALOC (0:4) L signals cause 
decoder E90 to assert its fO output. This enables the state of the EXSGN H signal (which characterizes 
the sign of the SC data word) to be loaded into flip-flop E99. The resulting EXPFL H signal can then 
be tested by the uPC Gating Control logic and, if true, causes a jump address to be loaded into the 
fiPC. Or, if data is written into FACM, for instance, decoder E90 asserts its f6 output. The state of the 
sign bit, represented by SON L, causes E99 to assert or negate FAC SIGN H. Thus, the sign of the 
FAC can be checked whenever necessary. One can also check to see if the FAC is all zeros by writing 
into FACM and FACN (for DP or EP) or FACM through FACS (for EP); the FAC ZERO L signal 
will be asserted if the FAC is, indeed, zero. 

Now look at Figure 4-11. This logic records features of the data written into TEMP and SCRATCH 
registers. Table 4-7 relates the selected registers and the meaning of the output signals generated. 
Shown below is a portion of the firmware that includes a number of tests made on the flags listed in 
Table 4-7. 



1227 


DB, SCRATCHS 


= TEMP 


FREE* 


1230 


DB, SCRATCHT 


= [0] 


FREE* 


1231 NMI5, 


DB, SCRATCH? 


= [0] 


FREE* 


1232 NMI3, 


DB, SCRATCHP 


= [SHL] SCRATCHP 


FREE* 


1233 


DB, SCRATCHN 


= [SHL] [EXT] SCRATCHN 


FREE* 


1234 


DB, SCRATCHM 


= [SHL] [EXT] SCRATCHM 


FREE* 


1235 


DB, SC:=SC[12BIT]M1 


FREE* 


1236 NMI3A, 


DB, SCRATCHP : = [SHR] [EXT] SCRATCHP 


FREE* 


1237 NMI6, 


NO OPERATION 


FREE* 


1240 RND, 


NO OPERATION 


FREE* 


1241 


NO OPERATION 


FREE* 


1242 


DB: = SCRATCHP! 12BIT1K3777+1 


FREE* 


1243 RND2, 


DB, SCRATCHN 


= SCRATCHN[12BIT] [EXT] 


FREE* 


1244 


DB, SCRATCHM 


= SCRATCHM [12BIT] [EXT] 


FREE* 


1245 


DB, SCRATCHP 


= [0] 


FREE* 


1246 


NO OPERATION 


FREE* 


1247 NMI7, 


NO OPERATION 


FREE* 


1250 NMI8, 


DB, SC: =SC[12BIT]K1 


FREE* 


1251 


DB, SCRATCHM: = [SHR] SCRATCHM 


FREE* 


1252 


NO OPERATION 


FREE* 


1253 


NO OPERATION 


FREE* 


1254 RNDl, 


DB; = SCRATCHP[12BIT]K3777 


FREE* 


1255 RND4, 


DB, SCRATCHP : = [0] 


FREE* 


1256 


NO OPERATION 


FREE* 


1257 


NO OPERATION 




FREE* 



GOTO, NMIl (1201) 
GOTO, NMIl (1201) 
IF NORMED, NMI3 A (1236) 
TEST OVFLO 

GOTO, NMI3 (1232) 

TEST OVFLO 

IF FORBIDDEN, NMI8 (1250) 

IFEP,NMI7(1247) 

IF TEMPSGN, RNDl (1254) 



IF TEMPZERO, RND4 (1255) 

IFDP,NMI7(1247) 

IF FORBIDDEN, OVREC (1405) 

RETURN 



TEST OVFLO 

RETURN 

GOTO, RND2( 1243) 

IFDP,NMI7(1247) 

IF TEMPZERO, NMI7 (1247) 

GOTO, NMIl (1201) 
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Table 4-6 Registers Flags (SC, FAC) 



WRITE A H 


ALOCO L 


ALOCl L 


AL0C2 L 


AL0C3 L 


AL0C4 L 


E90 OUT LOW 


FILE A ADDRESS 


ADDRESS ASSIGNMENT 


Output Signals Possible 


H 


H 


L 


L 


L 


L 


fO 


17 


SC 


EXPFL H is asserted if the sign of the 
SC is negative and no overflow occurs, 
or if the sign is positive and an overflow 
occurs. 








L 


H 


L 


f2 


15 


FACS [FAC (48:59)] 


FACZERO L is asserted if ZEROS L is 








L 
H 
H 
H 


H 
L 
L 
H 


H 
L 
H 
L 


f3 
f4 
f5 
f6 


14 
13 
12 
11 


FACR [FAC (36:47)] 
FACP [FAC (24:35)] 
FACN [FAC (12:23)] 
FACM [FAC (0:11)] 


true and SGN L is false for each register 
(FACM and FACN for DP and FP modes, 
FACM through FACS for EP mode). 

FACSIGN H is asserted if the sign of 
FACM is true (SGN L is low for FACM). 
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Table 4-7 Register Flags (TEMP, SCRATCH) 



WRITE A H 



X 



H 



WRITE BH 



H 



X 



BSELL 



H 



ALOC (0:4) L 



X 

X 

X 

X 

X 
LHHHL 
LHHLH 
LHHLL 
LHLHH 
LHLHL 



BWLOC(0:2)L 



HHL 
HLH 
HLL 
LHH 
LHL 

X 

X 

X 

X 

X 



El 17 OUT LO 



f6 

f5 
f4 
f3 
f2 
f6 
f5 
f4 
f3 
f2 



File A Address 



X 
X 
X 

X 
X 

21 (SCRATCHM) 

22 (SCRATCHN) 

23 (SCRATCHP) 
24(SCRATCHR) 
25 (SCRATCHS) 



File B Address 



1 (TEMPI) 

2 (TEMP2) 

3 (TEMP3) 

4 (TEMP4) 

5 (TEMPS) 

X 
X 
X 
X 
X 



Output Signals Possible 



TEMP ZERO H 



TEMP SGN H 



FORBIDDEN H 



NORMED H 



MOVE OK H 



Used to check for zero fraction in 
TEMPI and TEMP2 or SCRATCHM 
and SCRATCHN (DP and FP modes), 
and TEMPI through TEMP5 or 
SCRATCHM through SCRATCHS 
(EP mode); asserted if SGN L is 
negated and ZEROS L is asserted. 

Used to check the sign of the fraction 
in TEMPI or SCRATCHM; asserted 
if SGN L is asserted. 

Used to check for the forbidden result 
4000 0000 in TEMPI and TEMP2 or 
SCRATCHM and SCRATCHN (DP 
and FP modes), and TEMPI through 
TEMPS or SCRATCHM through 
SCRATCHS (EP mode); asserted if 
SGN L is asserted for TEMPI/ 
SCRATCHM, SGN L is negated for 
remaining TEMP/SCRATCH, and 
ZEROS L is asserted for all 
TEMP/SCRATCH. 

Used to check for normalized number ; 
asserted if TEMP ZERO H is asserted 
(0 is a normalized number), or if 
NMD H is asserted for TEMPI/ 
SCRATCHM. 

Used to check for possibility that an 
entire word can be shifted during 
normalization or alignment ; asserted 
if 

ZEROS L asserted for 
TEMPI /SCRATCHM, and 
SGN L negated for 
TEMPI /SCRATCHM, and 
SGN L negated for 
TEMP2/SCRATCHN 



or 



ONES L asserted for 
TEMPI /SCRATCHM, and 
SGN L asserted for 
TEMPI /SCRATCHM, and 
SGN L asserted for 
TEMP2/SCRATCHN. 



X = Don't Care 
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Remember that a test comes at least two steps after the data is loaded into the register in question. For 
example, the FORBIDDEN test in step 1246 is testing the data loaded into SCRATCHM and 
SCRATCHN in steps 1244 and 1243, respectively (the asterisk in the timing statement indicates that 
SCRATCH registers, rather than TEMP registers, are being checked). 

4.2.7 Clock Logic 

The FPP8-A operates within the PDP-8 I/O transfer scheme; i.e., it uses programmed-I/O data trans- 
fers, program interrupts, and data break transfers to accomplish its tasks. Consequently, FPP timing 
must be synchronized with PDP-8 timing. On the other hand, the FPP is capable of faster, independent 
operation, as when it is performing a series of calculations in response to an initial FPP instruction. 
Thus, two methods of timing FPP operations are used: PDP-8 timing pulses (TPl H through TP4 H) 
control operations for all Control ROM addresses below lOOOs (i.e., in the lOT and data break area); 
and, an FPP free-running clock controls operations for addresses above, and including, lOOOg (the 
terms "Control ROM address" and 'VPC address" are synonomous and both are used throughout). 

The Clock logic, shown in Figure 4-12, generates the /xPC CLOCK L timing signal, which is used in the 
Control logic, and the FILE CLOCK L timing signal, which is used in the Data Path logic. Each of 
these signals is derived from TICK H, which is the output of the 8-to-l multiplexer, £59. The outputs 
of another multiplexer, E38, control the source of TICK H. Basically, there are two sources, viz., the 
free-running clock and the PDP-8 timing pulses. The free-running clock is used as the source when the 
Control ROM address is lOOOs or above, i.e., when /xPC2 H is high. When this signal is asserted, E38 
gates its Bn inputs (except B3) to the control inputs of E59. The Bn inputs, except B3, are taken, in 
turn, from another multiplexer, E33. If the FPP is not in the maintenance mode (i.e., if MAINT H is 
low), E33 gates its An inputs (except A3) to the Bn inputs of E38. Assume, for the moment, that the 
RE SYNC H signal is low; thus, the Bn inputs of E38 exhibit the following logic levels: BO is high; Bl is 
high; B2 is low; and, B3 is high. The first three levels are inverted and applied to control inputs S2, SI, 
and SO, respectively, of E59 (output f3 of E38 has significance only in the data break area of addresses); 
input Dl, which is taken from monostable-multivibrator (MV) E50, the free-running clock, is selected 
as the source of TICK H. 

On the other hand, if the ROM address is below lOOOg, a timing pulse is selected as the source of TICK 
H. Because the specific pulse selected depends on the particular ROM address, the ROM takes part in 
the selection process. Thus, when )uPC2 H is low E38 gates its An inputs (except A3) to the control 
inputs of E59; the An inputs (except A3) are taken directly from PROM E69, which is part of the 
Control ROM and which provides outputs in response to address 0-3778. If, for example, the address 
is one that directs Control operations to take place at TP2 time, the An inputs of E38 exhibit the 
following logic levels; AO is low; Al is high; and A2 is low (ignore A3 at present). These levels are 
inverted and applied to control inputs S2, SI, and SO, respectively, of E59; input D5, which reflects the 
state of the TP2 H signal, is selected as the source of TICK H. Any Control ROM address that directs 
an operation to take place at TP2 H time, has T2 listed in its timing statement (i.e., the entry under 
"Time") in the firmware. Similarly, operations taking place at TPl H, TP3 H, or TP4 H time have 
BTl, T3, or T4, respectively, listed in the firmware (BTl merely states that an FPP data break must be 
in progress). Table 4-8 relates Control ROM addresses to the selected input of multiplexer E59, 
describing the addresses below lOOOs (except 0, 1, and 2) in terms of the timing statement. 

As Table 4-8 indicates, addresses 0, 1, and 2 use TP2 H and TP3 H to generate a TICK H pulse that is 
somewhat different from that generated for other addresses. Figure 4-13 illustrates some Control 
signals during the FPP initialization procedure and shows how TICK H is generated during address 0. 
Assume that the /^PC has recently been cleared (either by the FPICL lOT instruction or by the 
Omnibus INITIALIZE H signal). Until the initializing instructions, FPCOM and FPST, are issued, 
the ;uPC address will alternate between and 3. The TICK H signal will be generated by TP2 H and 
TP3 H during address 0, and by TP4 H during address 3. 
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CB1 MAINT H 
CBI FMDO L 



DP3 FP BREAK H 



CB4 ,iPC 11 H - 
CB4 ^PC 10 H ■ 
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Figure 4-12 Clock Logic 
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Table 4-8 Clock Timing Sources 



Control ROM Address 



Below lOOOg 
0,1, and 2 



Addresses having BTl 
in timing statement 

Addresses having T2 
in timing statement 

Addresses having T3 
in timing statement 



Addresses having T4 
in timing statement 

lOOOo and above 



1 000c and above 



Selected lOOOg-and-above 
addresses when going back 
below lOOOg. 




Remarks 



Starting address is set by lOT 
Decoding logic at TP2 time; 
loaded into uPC at TP3 time. 

Using TPl H. 
Using TP2 H. 



Using TP3 H. Used in both 
normal mode and when 
single-stepping in maintenance 
mode (MAINT H asserted). 

Using TP4 H. 



Using free-running clock. (Also 
used when carrying out mainte- 
nance firmware as long as 
MAINT H is not asserted.) 

Using TP3 H. Used when single- 
stepping in maintenance mode 
(MAINT H is asserted). 

Using TP2 H to generate 
TICK H. 
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The initializing procedure begins when a PDP-8 TAD instruction loads the AC register with the infor- 
mation listed under the FPCOM instruction (bits 9-1 1 represent the field address of the APT pointer). 
The FPCOM instruction follows the TAD instruction (if not, the AC register must not change until 
FPCOM is issued), causing the AC contents to be loaded into the FPP Command register (bits 0-8) 
and the FPP DB register (all 12 DB bits are loaded, although only bits (9: 1 1) will later be used). When 
FPCOM is issued the lOT decoding logic asserts mP9 IN L. Since address has already asserted both 
/fPlO IN L and mPI 1 IN L, address 7 is loaded into the fiPC by the same TICK H pulse that loads the 
DB register. At the next TP4 H pulse, the fiPC reverts to address and the field bits are transferred 
from the DB register to the FIELD register. Another TAD instruction follows (not necessarily imme- 
diately after FPCOM) and loads the AC with the relative address bits of the APT pointer. This address 
is transferred to the DB register, from there, along with the field address, to the APTP register, and, 
finally, to the BKMA register. Figure 4-13 describes graphically how this is accomplished. 

Note that when the )uPC address becomes SOOg the BRK RQ H signal is asserted. Each address below 
lOOOs that directs the Data Path logic to load its BKMA register, also causes the BRK RQ H signal to 
be asserted (address 3008 directs that the BKMA register be loaded, address 3018 provides the pulse 
that actually loads the register). Then, the data break system acknowledges the request at TP3 H time, 
negating BRK RQ H, and begins a priority check; if the FPP has priority, the BKMA is loaded at TP4 
H time of the following address. When address 3008 (or any address having T3 in its timing statement) 
is loaded into the ^PC, output D4 of PROM E69 goes low (Figure 4-12). When the FPP is not in the 
maintenance mode (i.e., MAINT H is low), the input at A3 of E33 causes BRK RQ H to be asserted at 
output f3 of E38. At the following TP3 H time the break request is acknowledged and TICK H is 
generated. Certain addresses below lOOOs can be used in the maintenance mode. In such circumstances 
multiplexer E33 selects its Bn, rather than An, inputs, and the BRK RQ H signal is asserted as a result 
of a low input at Bn of E33. This low is provided by the FMDO L signal, which is asserted when the 
FMDO instruction is decoded. 

When the FPP has retrieved the APT it begins executing FPP instructions at the address specified by 
the FPC. Figure 4-14 shows the Clock logic timing as it appears during an assumed sequence of 
operations that begins with the fetch of the FCLA instruction (Clear the FAC). A portion of the 
firmware is shown below. This relates to the mPC addresses in Figure 4-14 and is included for 
reference. 

20, HHHH HHHH HHHH HHXX XHHH HHHL HHHH HHHH HHHH HHHH LLLH 

21, LHLH HLHH HHLL LLXX XHHH HHHL HHHH HHHH HHHH HLLL HLLL 

22, HHHH HHHH HHHH HLXX XHLH LLHL HHHH HHHH HHHH HHHH HLHH 

23, HHHH XXXX XLLH LHHH HHHL HHHH HHHL HHHH HHHH HHHH HLHL 
1002, HHHH XXXX XHHH HHXX XHHH HHHH HHHH LLLH HHLH LHHH 
1050, HLLH HLHH LHHH HHXX XHLH LHHH HLHH HLLH HHLH LLHL 
1055, HLLH HLHL HHHH HHXX XHLH LHHH LLLL LLHH HHHH HHHH 

72, HHHH HHHH LLLH LHHH HHHL HHHL HHLH LHHH LHHL LLHL LLLH 
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/iPC ADDRESS" 




LOAD ^PC L 



BUSY H 



LOAD AC REGISTER 

WITH FPCOM BITS 

(AC9-11 REPRESENTS 

APT POINTER FIELD 

SITS) 



APT POINTER 

FIELD BITS TO 

FPP OB REGISTER 



FIELD j 
I BITS TO] 

ifppfield, 
register' 



LOAD AC register 

WITH 12 least-significant 

BITS OF APT POINTER 



12 APT POINTER 

SITS TO DB 

REGISTER. 

FIELD REGISTER 

TO TEMP REGISTER 



DB AND TEMP 

TO APTP 

REGISTER 



TO 
I BKMA 



Figure 4-13 Start-Up Timing 
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Figure 4-14 FCLA Timing 
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*20 








20 


FETCH, 


BKMA: = FPC 


T3 




21 


FETCH 1 , 


: = FACE[EXPSIZE]M30 


T4 


BKCMD:=7 


22 




FPC:=FPC[+]K1;DB:=MD 


BTl 




23 




TEMP:=FIR(9:11) 


T2 


INSTR DISP 1 



*1002 

/CLEAR FAC 
1002 FCLA, NO OPERATION FREE* GO TO, CLRFAC (1050) 

*1050 
1050 CLRFAC, DB, FACM: = [0] FREE* IF DP, CLRFl (1055) 

1055 CLRFl, DB,FACN: = [0] FREE* EXTEST 

/XTA 

*72 
72 XTA, BKMA, TEMP: = X0[+]FIR(9: 11) T3 SUB, GETXR (235) 

The timing shows that a previously requested data break has been granted (FP BREAK H is high). 
The FCLA instruction is placed on the MD lines during TS2 L of the FPP's data break cycle. The 
instruction is decoded by the Control's PLA and address 10028 is loaded into the /ttPC by the TICK H 
pulse generated at TP2 H time. The same TICK H pulse causes the mPC2 H signal to go high, remov- 
ing the ground from the "clear" input (pin 3) of MV E50 (Figure 4-12), and from the clear input of 
both E44 flip-flops, FRICK and FRACK. The RE SYNC H signal is low at this time; consequently, 
E50 begins to run free. Furthermore, the low RE SYNC H signal results in multiplexer E59 selecting 
the free-running clock output as the source of TICK H. This source remains selected as long as RE 
SYNC H remains low. 

During address lOSOg, the FPP tests to determine the operating mode; the timing assumes DP. In 
address lOSSs, an exit test is made. The next ^PC address will be either lOOOg (if an exit is to be made) 
or 00208 (if a new instruction is to be fetched). The example assumes that a new instruction is to be 
fetched; hence, the next address to be placed in the ixPC is 00208, which uses Omnibus timing pulses to 
generate TICK H pulses. Whenever control of the timing of FPP operations is to pass from the free- 
running clock to the Omnibus timing pulses, a resynchronization takes place. This procedure begins 
when the PCL 2 H signal goes low, an event that occurs each time an address below lOOOg is about to 
be loaded into the fiPC, as is the case illustrated by the timing (if an exit were to be made in this 
example, rather than a new fetch, the PCL 2 H signal would return high in a matter of nanoseconds; 
thus, the third lOONS (1) H pulse would generate a TICK H pulse that would cause lOOOs to be loaded 
into the ^uPC). When PCL 2 H goes low, the RE SYNC H signal goes high. This action, first, changes 
the control inputs of multiplexer E59, so that the free-running clock is removed as the source of TICK 
H pulses and, second, ensures that the clock will stop running after one more cycle of oper- 
ation. Multiplexer E59 now selects input D2 to be the source. This source generates a TICK H pulse at 
TP2 H time if the FRACK flip-flop is set. As the timing shows, FRICK is set when MV E50 stops and 
FRACK is set by the following TPl H pulse. At the next TP2 H pulse, the FPP operations are 
resynchronized with the Omnibus timing and a new instruction fetch operation begins. 

4.2.8 Instruction Dispatch Logic 

When FPP instructions are fetched they are decoded by the Instruction Dispatch logic. The logic 
generates ^PC input signals that force the appropriate Control ROM location to be addressed. 

Figure 4-15 shows the Instruction Dispatch 1 logic. Instruction Dispatch 1 is the primary level of 
instruction decoding; it decodes the Special instructions and points to the address calculation address- 
es for the Data Reference instructions. The part of the firmware that deals with instruction fetch and 
Instruction Dispatch 1 is included below for reference. 
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CB6 ^PCTRL I L 

CB6 uPCTRL L IBI 



CB6 ^PCTRL 2 L 
CB6 ^PCTRL 3 L 
CB6 ^PCTRL 4 L 



CB3 INST DISP 1 L 



CBS INST DISP t H 




CB6 ^P7 IN L 



CB6 /iP2 IN L 







74 LSI 74 
P/0 E48 






D5 R5(n 
CLR CLK 











CB4 


RESET 


L 



CB6 ^PZ IN L 
CB6 ^P6 IN L 
CB6^P7 IN L 
CB6 ^P8 IN L 
CB6 ilP9 in L 
CB6 ^PIO IN L 



CB3 f 
"STOP H 



Figure 4-15 Instruction Dispatch 1 Logic 
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20 
21 

22 
23 



FETCH 1. 



BKMA:=FPC 


T3 




:=FACE[EXPSIZE]M30 


T4 


BKCMD:=7 


FPC:=FPC[+]K1; DB:=MD 


BTl 




TEMP:=FIR(9:11) 


T2 


INSTR DISP 1 


CTION DISPATCH 1 DISPATCHES MICRO PC AS FOLLOWS 




INSTRUCTION ADDRESS 


INSTRUCTION 


ADDRESS 


SETX 34 


SETB 


36 


LDX 40 


ADDX 


44 


JSA 50 


JSR 


60 


BRANCH (TRUE) 14 


BRANCH (FALSE) 


24 AND EXTEST 


TRAP 74 


JNX 


26 


ALN (NOT XRO) 70 


ALN (XRO) 


1030 


XTA 72 


ATX 


1040 


LTR(O) 1026 


LTR(l) 


1016 


JAC 1014 


FNORM 


1006 


FNEG 1004 


FCLA 


1002 


FPAUSE 2 


FEXIT 


1000 


STARTF 1010 


STARTD 


1012 


ST ARTE 1020 






ALL UNDEFINED EXTEST 







ALL DATA REFERENCE INSTRUCTIONS (LEA, LEAI, FLDA, FADD, FSUB, FDIV, 
FMUL, FADDM, FSTA, AND FMULM) DO ONE OF THE FOLLOWING ADDRESS CALC: 

ADDRESS MODE 

12 BIT DIRECT (NOT DP) 

12 BIT DIRECT (DP) 

24 BIT, NO INCR, NO INDEX 

24 BIT, INCR, NO INDEX 

24 BIT, INDEXED 

12 BIT INDIRECT, NO INCR, NO INDEX 

12 BIT INDIRECT, INCR, NO INDEX 

12 BIT INDIRECT, INDEXED 
///IN ADDITION, GATING IN MAJOR REGISTERS CAUSES THE FOLLOWING: 
///////INSTRUCTION OPERATION 

///////DIRECT 12-BIT ADDRESSING TEMP: =3*FIR(5:1 1) 

///////INDIRECT ADDRESSING (ALSO LEAI) TEMP: = 3*FIR(9: 11) 

///////ALL OTHER INSTRUCTIONS, 24-BIT 
/////// ADDRESSING MODE TEMP: = [R3R] FIR(9 : 1 1 ) 



LABEL 


ADDRESS 


DIRFP 


100 


DIRDP 


102 


NINC24 


114 


INC24 


112 


X24 


110 


INDIR 


134 


INCIND 


132 


XIND 


130 



At BTl time, when Control ROM location 238 is addressed, control signals /iPCTRL (0:4) L cause 
INST DISP 1 L to be asserted by decoder E15 (Figure 4-15). When the FPP instruction is placed on the 
MD lines early in TS2, selected MD (0:1 1) L signals are gated to the decoding elements, E20 and E43. 
If the FPP instruction has MD (0:7) L negated, NAND gate E34 enables PROM E43 to decode MD 
(8:1 1) L. The /iPC is dispatched by E43 as indicated in Table 4-9. 

When the FEXIT instruction is dispatched, Control ROM address lOOOg begins the exit sequence. The 
APT is stored and the FPP halts in address 1 with the interrupt flag raised. The FSTOP H signal, 
which is asserted when FEXIT is dispatched, ensures that the FEX H flag in the Exit Test logic is 
cleared; thus, FEXIT is recorded as being the reason for the exit operation. 
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Table 4-9 


PROM £43 Input/Output Signals 


i 








PROM 


Input Signal Low 


Output Signal Asserted Low 


Control 

ROM 

Address 




Code 


A4 
(GND) 


A3 
{MD8 L) 


A2 
(MD9 L) 


Al 
(MDIOL) 


AO 
(MDll L) 




LiP_INL 


M7(l) 




\^v/u^ 


2 


6 


7 


8 


9 


10 


FPP Instruction 





X 


X 


X 


X 


X 




X 


X 


X 








0070 


ALN (XR=7) 


1 


X 


X 


X 


X 






X 


X 


X 








0070 


ALN (XR=6) 


2 


X 


X 


X 




X 




X 


X 


X 








0070 


ALN (XR=5) 


3 


X 


X 


X 








X 


X 


X 








0070 


ALN (XR=4) 


4 


X 


X 




X 


X 




X 


X 


X 








0070 


ALN (XR=3) 


5 


X 


X 




X 






X 


X 


X 








0070 


ALN (XR=2) 


6 


X 


X 






X 




X 


X 


X 








0070 


ALN(XR=1) 


7 


X 


X 








X 




X 


X 








1030 


ALN (XR=0) 


10 


X 




X 


X 


X 


X 






X 


X 






1014 


JAC 


11 


X 




X 


X 




X 






X 




X 




1012 


STARTD 


12 


X 




X 




X 


X 






X 








1010 


STARTF 


13 


X 




X 






X 








X 


X 




1006 


FNORM 


14 


X 






X 


X 


X 








X 






1004 


FNEG 


15 


X 






X 




X 










X 




1002 


FCLA 


16 


X 








X 












X 




0002 


FPAUSE 


17 


X 










X 












X 


1000 


FEXIT 



All other Instruction Dispatch 1 operations are initiated by E20, a Field Programmable Logic Array 
(FPLA). Table 4-10 relates the input and output signals of the FPLA and indicates how each instruc- 
tion dispatches the ixPC. 

Each of the Branch instructions causes a jump to a designated fiPC address if the condition specified in 
the instruction is met. The stated condition always involves the contents of the FAC; the three signals 
FAC ZERO L, FAC SIGN H, and SIGN H allow the FPLA to test the FAC contents to determine if 
the condition is met. If the condition is satisfied, fi?C address Mg is dispatched; the table entry in the 
right column states that the branch condition is true and notes what the condition is. For example, in 
the first entry of the branch instructions, the jump is made because the tested condition (FAC must be 
zero) is true. If the condition is not met, a different address is dispatched; then the right-column entry 
states that the branch condition is false and why. For example, in the first branch-false entry, the jump 
is not made because the tested condition (FAC must be zero) is false, the FAC being not equal to zero. 

A branch-false condition can dispatch one of two fiTC addresses. During branch-false, the FPLA 
asserts the EXSTRT L signal along with /tP7 IN L and fi?9 IN L. During normal operation, the 
EXSTRT L signal is ignored, fiPC address 248 is dispatched, and a new FPP instruction is fetched. 
However, if the single-cycle mode of operation has been programmed (FPHLT is issued prior to 
FPST), the FPHLT instruction has caused the Exit Test logic to assert START EX H. Consequently, 
mPC address 10248 is dispatched and an exit operation is started at the end of the branch instruction. If 
EXSTRT L were not asserted, the exit would occur at the end of the instruction following the branch 
instruction; thus, two FPP instructions, rather than just one, would have been performed. 

Two of the table entries test the SIGN H signal. These entries deal with the JAL instruction, which 
tests a noating-point number to determine if the fraction can be fixed, i.e., converted to an integer. 
Should the fraction exponent be greater than 278, the number cannot be fixed. During the fetch of any 
FPP instruction, the FAC exponent is examined by the ALU. /iPC address 2l8 causes the FAC expo- 
nent and -308 to be gated to the ALU . If the sign of the exponent is positive, the exponent and -SOs are 
added in the ALU. Should the exponent be greater than 278, the addition produces a result that leaves 
OBUS 4 L high. Thus, SON L is high and SIGN H is low. If the instruction that has been fetched is 
JAL, the negated SIGN H signal causes a branch true operation to be carried out. But, when the 
exponent is less than 278, or is negative [in this case 77778 is placed on the OBUS (4:15) L lines], SIGN 
H is asserted, causing a branch-false condition. 

Figure 4-16 shows the Instruction Dispatch 2 and 3 logic. Instruction Dispatch 2 (related firmware 
shown below) decodes the FLDA, FSTA, and LEA Data Reference instructions, and points to prelim- 
inary arithmetic routines that must be carried out prior to Instruction Dispatch 3, which dispatches the 
purely arithmetic Data Reference instructions. 

/DIRECT ADDRESS CALCULATION 
*100 
100 DIRFP, BKMA, TEMPI :=TEMP[+] BR; DB:=0 T3 INSTR DISP 2 

/DP CALCULATION ADDS 1 BECAUSE BASE PAGE ALWAYS CONTAINS 3-WORD ARC. 
*102 
102 DIRDP, BKMA, TEMPI := TEMP[+] BR+1 ; DB:=0 T3 INSTR DISP 2 
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Table 4-10 FPLA I/O Signals 






































Outputs Asserted Low 
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entry 


indicates the 


utput 














Input Signal Logic Level 












is disconnected for the related 














(no entry implies 'don't care') 












input conditions) 








FPP Instruction Represented by Input Signals 


Il3 


Il2 


In 


Iio 


I9 


Is 


I7 


l6 


Is 


I4 


I3 


I2 


Ii 


lo 


F7 


Ffi 


F5 


F4 


F3 


F2 


Fi 


Fo 




H 


L 


H 


H 


H 


— 


- 


— 


- 


- 


— 


- 


- 


H 


_ 


_ 


_ 


— 


L 


_ 


L 


L 


JNX 


H 


H 


L 


H 


H 


L 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


- 


- 


L 


L 


L 


- 


SETX 


H 


H 


L 


H 


H 


L 


H 


H 


L 


- 


- 


- 


- 


H 


- 


- 


- 


- 


L 


L 


L 


L 


SETB 


H 


H 


H 


H 


H 


L 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


- 


L 


- 


- 


- 


- 


LDX 


H 


H 


H 


H 


H 


L 


H 


H 


L 


- 


- 


- 


- 


H 


- 


- 


- 


L 


- 


- 


L 


- 


ADDX 


H 


H 


L 


H 


H 


L 


H 


L 


H 


- 


- 


- 


- 


H 


- 


- 


- 


L 


- 


L 


- 


- 


JSA 


H 


H 


L 


H 


H 


L 


H 


L 


L 


- 


- 


- 


- 


H 


- 


- 


- 


L 


L 


- 


- 


- 


JSR 


H 


H 


H 


H 


H 


H 


H 


L 


H 


- 


- 


- 


- 


H 


- 


L 


- 


L 


- 


- 


- 


- 


ATX 


H 


H 


H 


H 


H 


H 


H 


L 


L 


- 


- 


- 


- 


H 


- 


- 


- 


L 


L 


L 


- 


L 


XTA 


H 


L 


L 


H 


H 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


- 


L 


L 


L 


L 


- 


TRAP 


L 


H 


H 


H 


H 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


- 


L 


L 


L 


L 


- 


TRAP 


- 


- 


- 


H 


L 


- 


- 


- 


- 


- 


- 


- 


L 


H 


- 


- 


L 


- 


- 


- 


- 


- 


DIRFP-Direct Base Page ADDR (not DP) 


- 


- 


- 


H 


L 


- 


- 


- 


- 


- 


- 


- 


H 


H 


- 


- 


L 


- 


- 


- 


- 


L 


DIRDP-Direct Base Page ADDR (DP) 


- 


- 


- 


L 


H 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


- 


- 


24-Bit ADDR 


L 


L 


H 


H 


H 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


- 


- 


24-Bit ADDR (LEA or IMUL) 


- 


- 


- 


L 


- 


L 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


- 


L 


Increment XRO (24-Bit or Indirect ADDR) 


L 


L 


- 


H 


H 


L 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


- 


L 


Increment XRO (24-Bit or Indirect, LEA or IMUL) 


- 


- 


- 


L 


- 


H 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


L 


- 


Do Not INCR (24-Bit or Indirect ADDR) 


L 


L 


- 


H 


H 


H 


H 


H 


H 


- 


- 


- 


- 


H 


- 


- 


L 


- 


- 


L 


L 


- 


Do Not INCR (24-Bit or Indirect ADDR-LEA, IMUL) 


- 


- 


- 


L 


L 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


L 


- 


L 


L 


- 


- 


Indirect ADDR 


L 


L 


L 


H 


H 


- 


- 


- 


- 


- 


- 


- 


- 


H 


- 


- 


L 


- 


L 


L 


- 


- 


Indirect ADDR (LEAI or IMULI) 


L 


H 


L 


H 


H 


H 


- 


- 


- 


- 


- 


- 


- 


H 


- 


L 


- 


- 


- 


- 


- 


L 


LTR ("OR" ED with Branch) 


- 


H 


L 


H 


H 


H 


H 


- 


- 


L 


- 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FAC=0 


- 


H 


L 


H 


H 


H 


H 


H 


L 


- 


L 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FAC>=0 


- 


H 


L 


H 


H 


H 


H 


L 


H 


- 


H 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FAC<=0 


- 


H 


L 


H 


H 


H 


H 


L 


L 


- 


- 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-ALWAYS 


- 


H 


L 


H 


H 


H 


L 


H 


H 


H 


- 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FACOO 


- 


H 


L 


H 


H 


H 


L 


H 


L 


- 


H 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FAC<0 


- 


H 


L 


H 


H 


H 


L 


L 


H 


H 


L 


- 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE-FAOO 


- 


H 


L 


H 


H 


H 


L 


L 


L 


- 


- 


L 


- 


H 


- 


- 


- 


- 


- 


L 


L 


- 


BRANCH TRUE- SIGN H Negated (JAL Test) 


- 


H 


L 


H 


H 


H 


H 


H 


H 


H 


- 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FACOO 


- 


H 


L 


H 


H 


H 


H 


H 


L 


- 


H 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FAC<0 


- 


H 


L 


H 


H 


H 


H 


L 


H 


H 


L 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FAOO 


- 


H 


L 


H 


H 


H 


L 


- 


H 


L 


- 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FAC=0 


- 


H 


L 


H 


H 


H 


L 


H 


L 


- 


L 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FAC>=0 


- 


H 


L 


H 


H 


H 


L 


L 


H 


- 


H 


- 


- 


H 


L 


- 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-FAC<0 


- 


H 


L 


H 


H 


H 


L 


L 


L 


- 


— 


H 


- 


H 


L 


— 


- 


- 


L 


- 


L 


- 


BRANCH FALSE-SIGN H Asserted (JAL Test) 
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CB6 ^PCTRL 1 L 
CB6^PCTRL0L 



CB6,iPCTRL 2 L 
CB6 ,iPCTRL 3 L 
CB6 ^PCTRL 4 L 



CS3 INST DISP1 H 



DP3 FP BREAK 




CB4 ^PC CLOCK I 



CB6 ^P3 INL 



CB6 ;iP2 IN L 
CB6 ^P4 IN L 
CB6 ^P6 IN L 
CB6 ^P7 IN L 
CB6 ^P8 IN L 
CB6 ^P9 IN L 
CB6 /iP10 IN L 
CB6 ;iP11 INL 



74S139 



B1 


A1 


OUTLO 


LO 


LO 


FAO 


LO 


HI 


FA1 


HI 


LO 


FA2 


HI 


HI 


FAS 



03 


D2 


D1 


DO 


OUT LO 


LO 


LO 


LO 


LO 


FO 


LO 


LO 


LO 


HI 


F1 


LO 


LO 


HI 


LO 


F2 


LO 


LO 


HI 


HI 


F3 


LO 


HI 


LO 


LO 


F4 


LO 


HI 


LO 


HI 


F5 


LO 


HI 


HI 


LO 


F6 


LO 


HI 


HI 


HI 


" 



Figure 4-16 Instruction Dispatch 2 Logic 
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/ 



/INSTRUCTION DISPATCH 2 DISPATCHES MICRO PC AS FOLLOWS 



/ 



INSTRUCTION 

LEA, LEAI (FP AND EP MODES) 
FLDA 

FSTA (NOT DP) 
FSTA (DP) 
FSUB 

FADD, FADDM, FMUL, FMULM, FDIV 
IMUL (SAME OP CODE AS LEA, LEAI 
BUT DP MODE) 
NO OTHER INSTRUCTIONS USE THIS DISPATCH 



C AS FOLLOWS: / 


LABEL 


ADDRESS / 


LEAB 


256 / 


LOAD 


200 / 


STOREF 


220 / 


STORED 


224 / 


GETN 


260 / 


GETARG 


240 / 


GETARG 
PATCH 


240 / 



Data Reference instructions specify both the address of data and the operation to be performed on the 
data. The Instruction Dispatch 1 logic decodes the instruction and causes the FPP to calculate the 
address of the data. During this primary level of instruction decoding, that part of the instruction that 
specifies the operation to be performed on the data must be retained, since the instruction is fetched 
only once. Then, during either Instruction Dispatch 2 or Instruction Dispatch 3 the appropriate oper- 
ation can be carried out. 

Figure 4- 16 includes flip-flop E48. During the primary decoding operation the INST DISP 1 H signal 
enables E48 to be clocked. The information represented by the MD (0:4) L signals, which identifies the 
operation that will ultimately be performed on the data, is loaded into E48. 

After the data address has been calculated, the INST DISP 2 L signal is asserted. This signal enables 
PROM E53 to decode the 5 MSBs of the instruction and dispatch the n?C to the appropriate address. 
Table 4-1 1 relates the input and output signals for E53 and includes the FPP instruction associated 
with each PROM code. 

If the Data Reference instruction is FLDA, FSTA, or LEA, an exit test is made after Instruction 
Dispatch 2. The remaining Data Reference instructions go through the final decoding level initiated by 
Instruction Dispatch 3 (firmware shown below). The INST DISP 3 L signal enables PROM E57 to 
decode the 5 MSBs of the instruction and dispatch the proper mPC address. Table 4-12 relates the input 
and output signals for E57 and includes the FPP instruction associated with each PROM code. 



/ARITHMETIC DISPATCH 
1037 ARITH. NO OPERATION 



FREE 



INSTR DISP 3 



/ ***** s 

/INSTRUCTION DISPATCH 3 DISPATCHES ARITHMETIC 

/ 



INSTRUCTIONS AS FOLLOWS: 





INSTRUCTION 


LABEL 


ADDRESS 




FADD, FADDM (DP MODE) 


DPADD 


1400 




FADD, FADDM (NOT DP) 


FADD 


1401 




FMUL, FMULM 


FMUL 


1402 




FDIV 


FDIV 


1403 




IMUL 


IMUL 


1404 
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Table 4-11 PROM E53 Input/Output Signals 




















E53 Enabled for INST DISP 2 L 




PROM 


Input Signal Low 


Output Signal Asserted 


Control 
ROM 

Address 




A4 
(DPH) 


A3 
(MD3L&MD4LHIGH) 


A2 
(MDO L) 


Al 
(MDl L) 


AO 
(MD2 L) 


mP_ 


[NL 




Code 


2 


4 


6 


7 


8 


9 


10 


11 


FPP Instruction 





X 


X 


X 


X 


X 




X 


X 




X 


X 


X 




0256 


LEAI 


1 


X 


X 


X 


X 






X 


X 




X 


X 


X 




0256 


LEA 


10 


X 




X 


X 


X 




X 


X 












0240 


FMULM 


11 


X 




X 


X 






X 




X 










0220 


FSTA 


12 


X 




X 




X 




X 


X 












0240 


FADDM 


13 


X 




X 








X 


X 












0240 


FMUL 


14 


X 






X 


X 




X 


X 












0240 


FDIV 


15 


X 






X 






X 


X 


X 










0260 


FSUB 


16 


X 








X 




X 


X 












0240 


FADD 


17 


X 












X 














0200 


FLDA 


20 




X 


X 


X 


X 




X 


X 












0240 


IMULI 


21 




X 


X 


X 






X 


X 












0240 


IMUL 


30 






X 


X 


X 




X 


X 












0240 


FMULM 


31 






X 


X 






X 




X 




X 






0224 


FSTA 


32 






X 




X 




X 


X 












0240 


FADDM 


33 






X 








X 


X 












0240 


FMUL 


34 








X 


X 




X 


X 












0240 


FDIV 


35 








X 






X 


X 


X 










0260 


FSUB 


36 










X 




X 


X 












0240 


FADD 


37 














X 














0200 


FLDA 



o 







Table 4-12 PROM E57 Input/Output Signal 
E57 Enabled for INST DISP 3 L 


s 












Input Signal Low 


Output Signal Asserted 


Control 

ROM 

Address 




PROM 

Code 


A4 
(DPH) 


A3 
(MD3 L & MD4 L HIGH) 


A2 
(MDO L) 


Al 
(MDl L) 


AO 
(MD2 L) 


mP_ in L 




2 


3 


9 


10 


11 


FPP Instruction 


10 


X 




X 


X 


X 


X 


X 




X 




1402 


FMULM 


12 


X 




X 




X 


X 


X 






X 


1401 


FADDM 


13 


X 




X 






X 


X 




X 




1402 


FMUL 


14 


X 






X 


X 


X 


X 




X 


X 


1403 


FDIV 


15 


X 






X 




X 


X 






X 


1401 


FSUB 


16 


X 








X 


X 


X 






X 


1401 


FADD 


20 




X 


X 


X 


X 


X 


X 


X 






1404 


IMULI 


21 




X 


X 


X 




X 


X 


X 






1404 


IMUL 


30 






X 


X 


X 


X 


X 




X 




1402 


FMULM 


32 






X 




X 


X 


X 








1400 


FADDM 


33 






X 






X 


X 




X 




1402 


FMUL 


34 








X 


X 


X 


X 




X 


X 


1403 


FDIV 


35 








X 




X 


X 








1400 


FSUB 


36 










X 


X 


X 








1400 


FADD 



4.2.9 Exit Test Logic 

At the completion of every operation the FPP logic makes a test to determine if a new instruction 
should be fetched or if an exit should be carried out immediately. If a new instruction is fetched, it 
might be an FEXIT instruction; thus, the sequence of FPP operations would end, although under 
controlled conditions. However, if the test calls for an immediate exit, it could be for one of three basic 
reasons, viz., because the lOT instruction FPHLT was issued by the CPU, because the FPP calcu- 
lations resulted in overflow or underflow, or because a divide-by-zero operation was detected. These 
events occur without FPP-instruction control and in a random fashion, and it is important that a 
means be provided for determining why an exit takes place. The Exit Test logic not only decides 
whether or not to exit but also records the reason for an exit. The logic is illustrated in Figure 4-17. 

At the end of every FPP operation or calculation, the FETCH NEXT L signal is asserted by the mPC 
Gating Control logic. If an immediate exit is called for, the START EX H signal is asserted at the 
output of NOR gate E94. Thus, fiPl IN L is asserted, address lOOOs is loaded into the aiPC by the next 
clock pulse, and the exit sequence is carried out. Should the START EX H signal be low, uPl IN L is 
asserted, instead. Hence, address 208 is loaded into the ^PC and a new instruction (which might be 
FEXIT) is fetched. 

The START EX H signal can be asserted by the outputs of the Status register, gated flip-flops E14 and 
E3. The output of E3, FEX H, is asserted whenever the PDP-8 CPU issues an FPHLT instruction. At 
TP3 time of such an instruction, the FORCE EXIT flip-flop is dc set. The flip-flop output signals cause 
FEX H to be asserted at the next occurring fiPC CLOCK L pulse, as illustrated in Figure 4-18. The 
next mPC CLOCK L pulse clears the FORCE EXIT flip-flop, and the resulting high input at the gate 
(G3) of E3 keeps FEX H asserted until the exit test is made (NAND gate E40 can be enabled only by 
the FPP FEXIT instruction). Then, FEX H can be negated by the RESET L signal or by the FPIST 
lOT instruction. 

Another way of negating the FEX H signal is by the FEXIT instruction. When this instruction is 
fetched, the Instruction Dispatch 1 logic (Figure 4-15) asserts fiPl IN L and F STOP H. The exit 
sequence is carried out and the FPP halts with the mPC address equal to 1 . Therefore, AND gate E36 is 
enabled, as is NAND gate E40 (F STOP H stays high until RESET L is asserted or until another FPP 
instruction is fetched). Now, the gate of E3 is low, allowing the low at D3 to be transferred to R3(l) at 
clock time. This procedure ensures that, should FPHLT and FEXIT occur at approximately the same 
time, causing a common exit, the recorded reason will be FEXIT rather than FPHLT. 

The outputs from E14 of the Status register likewise assert START EX H. The DIVO H signal goes 
high when address 16308 is loaded into the mPC. This address indicates that the FPP logic has detected 
a zero divisor during a divide calculation. The other three outputs of E14 indicate overflow or under- 
flow conditions that might develop during arithmetic calculations. The DP OVFLO H signal is 
asserted during DP-mode calculations and indicates that the calculation has resulted in either an 
overflow, i.e., the result is too large or small to be contained in a 24-bit word, or the forbidden number 
4000 OOOOs. The EXP OVFLO H and EXP UNDFLO H signals are asserted during FP-mode and EP- 
mode calculations and indicate that the calculation has resulted in a number having an exponent too 
large or too small to be contained in a 12-bit word. 

The three overflow indications are produced in response to outputs from PROM E4, a 1024-bit 
PROM organized to provide 256 4-bit data locations. Table 4-13 lists the PROM input codes, showing 
the state of the PROM input signals and relating these inputs to the actions carried out by gated flip- 
flop E14. 
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(SET DIVIDE -BY-ZERO) 
(^PC=I6301 



CB3 INST DISP1 L- 

C82 DP H- 

CB2 TEST OVERFLOW L- 

DP8(CB3) OVFLO H- 

CB7 FORBIDDEN H- 

CB7 SIGN H- 



A7 



E4 

PROM 



04 



A6 

A5 

A4 D3 

A3 

A2 D2 

A1 

A0 D1 

ME1 ME2 



V 7 



+3V — 




8613 
E14 
R0lt) 



Rlll> 



R2(1) 



G1 

D2 
02 

03 

" R3t,) 

CLK CLR 



CB3 F STOP H 
CB2 BUSY 
CB1 SYNCED,iPC 



CBI FPIST L 
CB4 BTP3 H 



11 H — I y 



CB4 ^PC CLOCK L- 




CB4 RESET L 



CBI FPCOM L 



-o 



DATA 1 L — q y 



CB4 CLR CR H - 



CB1 FPHLT L- 






DIV 9 H 



DP OVFLOW H 



EXP OVFLO H 



EXP UNDFLO H 




CB2 FEX H 



IE>- 



E>- 



-g).- 



CB2 START EX H 



<> 



CB3 EXSTRT L 



CB2 FETCH NEXT L 



-o^h:^ 



E28 X> CB6 uP7INL 



E28 JO- 



-CB6 >iP2 IN L 



74LS174 
P/0E8 

DjJ R0(1) 

CLK CLR 



CB4 BTP3 



:^> 



^^^H>- 



CB2 NZ SET H 



■ CB2 Z TRAP H 



CB4 RESET L 



CB4 ^PC CLOCK L — 



C 9 
FORCE 
EXIT 
D 1 



-CBI FEXIT L 



-CBI FEXIT H 



Dn 


Gn 


Rndl 


HI 


LO 


HI 


LO 


LO 


LO 


X 


HI 


STATE THAT 
EXISTED BEFORE 
CLOCK PULSE 



Figure 4-17 Exit Test Logic 
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FPIST L 



FPHLT L 



BTP3 H 



FEXIT L 



a PC 
CLOCK L 



FEX H 



START EX H 



FETCH NEXT L 



mP2 in L 



i_r 



'^ 



"LJ IJ~^^ 



Y^^ 



i_r 



L 



;t PC =1000 
(EXSTRT) 



Figure 4-18 Timing, FPHLT EXIT 
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Table 4-1 3 PROM E4 Input/Output 


Signals 












PROM Input 






TEST 






















Code 


INST DISP 1 L 


DPH 


OVFLO L 


OVFLO H 


FORBIDDEN H 


SIGNH 


EXP OVFLO H 


EXP UNDFLO H 


D4 


D3 


D2 


Dl 


Action Taken by El 4 


220 


HI 


LO 


LO 


HI 


LO 


LO 


LO 


LO 


HI 


HI 


HI 


LO 


SET EXP UNDFLO H 


222 


HI 


LO 


LO 


HI 


LO 


LO 


HI 


LO 


LO 


HI 


LO 


HI 


CLR EXP OVFLO H 


224 


HI 


LO 


LO 


HI 


LO 


HI 


LO 


LO 


HI 


HI 


LO 


HI 


SET EXP OVFLO H 


225 


HI 


LO 


LO 


HI 


LO 


HI 


LO 


HI 


LO 


HI 


HI 


LO 


CLR EXP UNDFLO H 


234 


HI 


LO 


LO 


HI 


HI 


HI 


LO 


LO 


HI 


HI 


LO 


HI 


SET EXP OVFLO H 


235 


HI 


LO 


LO 


HI 


HI 


HI 


LO 


HI 


LO 


HI 


HI 


LO 


CLR EXP UNDFLO H 


310 


HI 


HI 


LO 


LO 


HI 


LO 


LO 


LO 


HI 


LO 


HI 


HI 


SET DP OVFLO H (FORBIDDEN H) 


314 


HI 


HI 


LO 


LO 


HI 


HI 


LO 


LO 


HI 


LO 


HI 


HI 


SET DP OVFLO H (FORBIDDEN H) 


320 


HI 


HI 


LO 


HI 


LO 


LO 


LO 


LO 


HI 


LO 


HI 


HI 


SET DP OVFLO H (OVFLO H) 


324 


HI 


HI 


LO 


HI 


LO 


HI 


LO 


LO 


HI 


LO 


HI 


HI 


SET DP OVFLO H (OVFLO H) 


334 


HI 


HI 


LO 


HI 


HI 


HI 


LO 


LO 


HI 


LO 


HI 


HI 


SET DP OVFLO H (FORBIDDEN H) 


000-177 


LO 





_ 


— 


— 


- 


- 


- 


LO 


LO 


LO 


LO 


CLR OVFLO & UNDFLO 


All Others 




- 


- 




- 


- 


- 


- 


LO 


HI 


HI 


HI 


NO CHANGE 
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Note, in the logic, that EXP UNDFLO H can assert START EX H only if the ZTRAP H signal is 
asserted. If ZTRAP H is low, a calculation that results in exponent underflow is stored as a zero result. 
In such a situation no exit is performed, and a new instruction is fetched. However, the EXP 
UNDFLO H flag, which would be cleared by either the FPIST instruction or the FPICL instruction 
after an exit operation (the latter generates RESET L), remains set. Hence, the signal INST DISPl L, 
asserted when an instruction is fetched, causes the PROM to generate the signals needed to clear all the 
overflow flags. 

4.3 DATA PATH LOGIC 

Detailed descriptions of the significant portions of the logic on the Data Path board appear in Para- 
graphs 4.3.1 through 4.3.7. 

4.3.1 ALU B Inputs 

4.3.1.1 B File - The B inputs of the ALU are taken from a variety of sources; one source is the B file, 
a read-and-write memory that provides storage for eight 15-bit data words. The B file RAM is illus- 
trated in Figure 4-19, while Figure 4-20 shows the logic that generates the RAM control signals. The B 
file is comprised of four 82S 1 12 ICs (organized in 8 words of 4-bits each); these are arranged to provide 
eight 15-bit data locations. These locations are assigned to the eight temporary registers, TEMP and 
TEMPI through TEMP7, and can be written into and read from; however, if both a read and a write 
are directed by the same data path statement, the location being read must be different from the 
location being written. 

When a B file is to be used in an operation, it is identified by the B RD (2:4) L signals or the B WRT 
(0:2) L signals (Table 4-14). If a read operation is directed, the B RD MSB L and B RD LSB L signals 
are asserted (Table 4-15 shows the input/output signals for PROM ESS). The 15-bit data word held in 
the selected register is applied to the ALU on the AL B (1:15) L lines. The sign bit of the data word is 
made available as the TEMP SIGN L signal, which is used to manipulate the ALU during multiply 
and divide calculations. Sometimes only the B RD MSB L signal is asserted during a read operation; 
then, only the three MSBs of the data word are read from the temporary location. Such is the case, for 
example, when the field bits of the APT pointer are transferred from the TEMP register to the APTP 
register during FPP initialization. 

Even when only a write operation is directed by the data path statement, the B file goes through the 
read mode; however, since neither the B RD MSB L signal nor the B RD LSB L signal is asserted, the 
Bn outputs of the file remain negated. When the mode switches from read to write, the data is written 
and the outputs remain high. 

Both a read and a write can be performed during the same data path statement. For example, the 
statement for /uPC address 1478 is 

TEMPI: =BR[-I-] TEMP+1 
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DPS FILE CLOCK H- 
DP8 BWRT ENABLE L- 



+ 3V- 
DP6 OBUS 1 L- 
DP6 OBUS 2 L - 
ORG OBUS 3 L- 



DP8 BWRT SEL L- 

DP8 BWRT SEL 1 L - 

OPS BWRT SEL 2 L- 

DPS BRD SEL 2 L- 

DP8 BRD SEL 3 L- 

DP8 BRD SEL 4 L- 



DP2 BRD MSB L- 
DP2 BRD LSBL- 



"^ 



<]00 
D| 

02 
D4 



Ae 
Be 

AAg 
Z5- 



82SI12 

E93 



Bo 

82 
Bj 



AAo 



AB2 
-<5— 






DP6 OBUS 4 L- 
DPS OBUS 5 L- 
DP6 OBUS 6 L- 
DP6 OBUS 7 L - 

-DPS AL B1 L 
-DPS AL B2 L 
•DPS AL 83 L 



AO 



Bo 
B1 
82 

B3 



J 



-DPS TEMP SIGN L 

0P6 OBUS 8 L - 

DP6 OBUS 9 L- 

DP6 OBUS 10 L- 

DP6 OBUS 11 L- 

-DPS AL B4 L 

-DPS AL BS L 

- DPS AL B6 L 

- DPS AL B7 L 



£85 



■>J 



DP6 OBUS 12 L- 
DP6 OBUS 13 L- 
DP6 OBUS 14 L- 
DP6 OBUS IS L- 
-DP5 AL B8 L 

■ DPS AL B9 L 
■DPS AL BIO L 

■ DPS AL B11 L 



E97 



-DPS AL B12 L 
-DPS AL 813 L 
-OPS AL B14 L 
-DPS AL BIS L 



FILE CLOCK H 


BWRT ENABLE L 


MODE 


BE 


AO 


Bn 


LO 


X 


READ 


HI 


DATA 


HI 


LO 


X 


LO 


DATA 


HI 


HI 


HI 


HI 


HI 


HI 


LO 


DATA 


HI 


LO 


WRITE 


HI 


DATA 
BEING 
WRITTEN 


HI 


HI 


LO 


LO 


DATA 

B 

ADDRESS 



Figure 4-19 B File RAM Logic 
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CBS BR LOC 4L 
CB5 BR LOC 3L 
CBS BR LOC 2L 
CBS BR LOC 1L 
CBS BR LOC 0L 

DPI B INITALIZE L 
DPI FILE CLOCK L 

CBS BW LOC 2L 
CBS BWLOC 1L 
CBS BW LOC 0L 



CBS WRITE B H 



J1 



20 
-O- 



37 



J1 



36 
-O- 



74S174 

E98 

D4 R4(1) 

D3 R3(1) 

D2 R2( I ) 

01 



CLR CLK 



DPS BRD SEL 4L 



DBS BRD SEL 3L 



DBS BRD SEL 2L 



74SI74 
E99 

D2 R2(1) 

D1 RKD 

D0 R0(1) 
CLR CLK 

-p — r 



DPS BWRT SEL 2L 



DP8BWRT SEL1L 



DP8 BWRT SEL0L 



23135A1 
ESS 
M0(1) 

A0 Mid) 

A1 M2(2) 

A2 M3(1) 

A3 M4{1) 

A4 M5(1) 

M6(1) 

M7(1) 
ENB 



3— DPS DBTOALUL 

3— DPS RR<6:8> SELECT L 

-DPS FIR LSBL 
DPS B RD LSI6 L 



DPS B RO MSIG L 



74 S 174 
E87 



RKD 



CL R CLK 

-TJ 1— 



^ 



DPS FILE CLOCK H 



74S174 
E76 
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D3 R3(1) 
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[lO 
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Figure 4-20 B File Control Signals 
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Table 4-14 TEMP Register Selection 



B RD SEL 2 L 


B RD SEL 3 L 


B RD SEL 4 L 




B WRT SEL L 


B WRT SEL 1 L 


B WRT SEL 2 L 


TEMP Register Selected 


HI 


HI 


HI 


TEMP 


HI 


HI 


LO 


TEMPI 


HI 


LO 


HI 


TEMP2 


HI 


LO 


LO 


TEMPS 


LO 


HI 


HI 


TEMP4 


LO 


HI 


LO 


TEMPS 


LO 


LO 


HI 


TEMP6 


LO 


LO 


LO 


TEMP7 



oo 



Table 4-15 PROM E88 Input/Output Signals 
(PROM Enabled Permanently) 





Input Signal 


Low 


Output Signal Asserted 


PROM Address 


BR LOC L 


IL 


^r 


3L 


4L 


DB TO ALU L 


FIR (6:8) SELECT L 


FIR LSB L 


B RD LSIG L 


B RD MSIG L 


4 


X 


X 




X 


X 




X 








5 


X 


X 




X 








X 






6 


X 


X 






X 


X 










7 


X 


X 








X 








X 


10 


X 




X 


X 


X 








X 


X 


11 


X 




X 


X 










X 


X 


12 


X 




X 




X 








X 


X 


13 


X 




X 












X 


X 


14 


X 






X 


X 








X 


X 


15 


X 






X 










X 


X 


16 


X 








X 








X 


X 


17 


X 
















X 


X 


27 




X 
















X 



Location 1478 produces the Control ROM output signal logic levels that select TEMP for reading and 
TEMPI for writing, and that cause B RD MSB L, B RD LSB L, and B WRT ENABLE L to be 

asserted. These logic levels are: 

BRLOC OL IL 2L 3L 4L 
LO HI HI HI HI; 

BWLOC OL IL 2L 
HI HI LO; 

WRITE B H 
HI 



The read-and-write operation is carried out as outlined in the following diagram, which uses FILE 
CLOCK H to delineate intervals. 



T4 



BT1 



T2 



M PC =147- 



(JPC = 150 - 
PIPE- LINE REGISTERS - 
LOADED WITH UDCATION 
147 DIRECTIONS 



mPC = 151 



FILE CLOCK H 



■ READB — 

FILE 

TEMP CONTENTS 
PLACED ON AL B 
<1:I5> L LINES, 
ADDED. ETC. . . . , 
GATED TO BUS. 



•-WRITE -* 
B 

DATA WRIT- 
TEN IN 
TEMPI; 
DATA ON AL 
B <1;I5>L 
LINES STILL 
CONTENTS 
OF TEMP 



4.3.1.2 DB Register Logic - The DB register is the data interface between the FPP and the PDP-8 

CPU or memory. The register and the logic directly related to it are illustrated in Figure 4-21; Figure 4- 
22 shows the logic that generates the register control signals. 
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DATA 3 L DATA 4 L 



DATA 7 L DATA 8 L 



DATA 11 L 



DP3 DB TO BUS 1 H 
DP3 DB TO BUS 2 H 



DPS ZERO DB L - 
DPI FILE CLOCK L ■ 



DPS ALU TO DB EN H ■ 
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DP3 PRIORITY - 
TEST L 
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ROd) 
DSR 
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CLK 
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SO 

SI 
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• DPS DB TO ALU L 
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DSR 
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DSL 



FO 
STB 



SO 
AO BO 



74LS158 

E7 



^ 



FO 
STB 



SO 

BO 40 



74LS158 
E9 



^^D- 



DATA MD 
L OL 



DATA MD 
II L 11 L 



DPS DB BIT H 



- DPS DB RT EN H 
DPS DB LFT EN H 



SO 


SI 


MODE 


HI 


HI 


PARALLEL LOAD 


HI 


LO 


RIGHT SHIFT 


LO 


HI 


LEFT SHIFT 


LO 


LO 


HOLD 



SO 


STB 


An 


Bn 


Fn 


- 


HI 


- 


_ 


HI 


LO 


LO 


LO 


- 


HI 


LO 


LO 


HI 


- 


LO 


HI 


LO 


- 


LO 


HI 


HI 


LO 


- 


HI 


LO 



SO 


SI 


Fn 


LO 


LO 


Bii 


HI 


LO 


An 


LO 


HI 


Bii 


HI 


HI 


HI 



Figure 4-21 DB Register Logic 
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CB1 DBIN lOT H (FMRB)- 
DP1 G PAUSE H- 



n 



MEMORY WRITE- 
MEMORY WRITE- 



AOM- 



L 



REFER TO DATA BREAK 
LOGIC SECTION 4.3.6 



"''^r> 




o 



X> 



3>" 



P3 DB TO BUS 1 H 



P3 08 TO BUS 2 H 



CB6 DB CTRL 2 L ■ 



CB6 DB CTRL 1 L- 



DP1 B INITIALIZE L- 
DP1 FILE CLOCK L- 



74LS174 
P/0 E87 



D3 



R3(1) 



CLR CLK 



P- 



DPS FILE 



JX^ CLOCK H 

■V> m7 



-DP8 ALU TO DB EN H 






DPS ZERO DB L 



DPS DB RT ENH 



DPS DB LFT EN H 



!1), PROM E75 
(SEE FIGURE 4-32) 



CBS BR LOC (0:4) L { 



DP6 ALU4 L 
DPI DB11 H 
DP1 DBIi H ■ 



PROM 
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A0 

Al 

A2 

A3 

A4 

(SEE TABLE 4-15) 
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SO 


Fn 
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LO 
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MD - DB 



Figure 4-22 DB Register Control Signals 
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The DB register, itself, is a 74LS194 bidirectional shift register. The modes available are notated in the 
table in Figure 4-21 (the right-shift mode is not used). The DB can be parallel-loaded from a number of 
sources, depending on the state of the Control ROM's DB CTRL (1:2) L signals (refer to the function 
table in Figure 4-22 that relates these signals to the DB source). If the ALU is to be loaded into the DB, 
the register is placed in the parallel-load mode (DB CTRLl L is asserted, causing both DB RT EN H 
and DB LFT EN H to go high), and ALU TO DB EN H is asserted; this gates the ALU information 
from the OBUS (4:15) L lines to the DB inputs for loading at clock time. If, instead of OBUS data, the 
information on either the MD or DATA lines is to be placed in the DB register, the ALU TO DB EN 
H signal is negated. The DATA lines are a DB source during FPP initialization when the APT pointer 
address is to be transferred to the APTP register; at all other times the DATA line information is gated 
through the first tier of multiplexers (E9, E6, and El 5) only during priority checking (the information 
is not loaded into the DB during this procedure - see Figure 4-33). The MD lines are the DB source 
when an operand or an FPP instruction is to be placed in the register. If the FPP has priority, a data 
break cycle is started and the MD information is gated to the DB. 

Input data from the MD or DATA lines is gated through three data selectors (E51, E52, and E53) by 
the DB TO ALU L signal. The data is applied to the B inputs of the ALU via the DP2,5 AL B (4:15) L 
lines, gated onto the OBUS, and loaded into the applicable file register. Conversely, DB output data is 
placed on the DATA lines by the DB TO BUS (1:2) H signals, which can be asserted during data break 
operations or by the FMRB lOT instruction. 

The DB register can be left-shifted if DB LFT EN H is asserted and DB RT EN H is negated. This is 
possible only during multiply and divide operations when PROM E75 causes DB LFT EN H to go 
high. If the operation is a multiply, DBO is rotated into DBl 1. If the operation is a divide, a quotient 
bit (represented by the ALU4 L signal) is shifted into the DBll. 

4.3.1.3 FIR Logic - Another source for the B inputs of the ALU is the FIR logic, which is used 
during address calculations. The logic is illustrated in Figure 4-23. Shown below is the portion of the 
FPP firmware that relates to an instruction fetch; refer to this while reading what follows. 





*20 








20 


FETCH, 


BKMA: =FPC 


T3 




21 


FETCHl, 


:=FACE[EXPSIZE]M30 


T4 


BKCMD:=7 


22 




FPC:=FPC[+]K1; DB:=MD 


BTl 




23 




TEMP:=FIR(9:11) 


T2 


INSTR DISP 1 



When an FPP instruction is being fetched it is gated to the DB register from the MD lines and loaded 
at T2 time (T2 of Control ROM address 238). Since the ENABLE FIR L signal is low (having been 
asserted at the preceding BTl time), the FIR register, E43 and E45 in Figure 4-23, is loaded just after 
the DB. Not only is the DB register loaded at T2 time, but also hex flip-flop E76 is clocked, causing its 
R2(l) output to go low (FIR LSB L is asserted by PROM E88 during fiPC address 238 - refer to Table 
4-15). Thus, the An inputs of multiplexer E49 are selected, and FIR bits (9: 1 1) are gated onto the AL B 
(13:15) L lines (for the moment, ignore output F3). 

At this point the data path statement TEMP: =FIR (9: 1 1) is modified by the FPP instruction that has 
been loaded into the DB. If the instruction is Special or Double-Word Data Reference, the signals on 
the AL B (13:15) L lines are gated through the ALU to the shift gates. There, the signals are rotated 
right three places and placed on the OBUS (1:3) lines. At T3 time TEMP is loaded, as described by the 
statement TEMP:= [R3R] FIR (9:1 1). This modification of the data path statement by the instruction 
enables the Data Path logic to retain the field bits of the address contained in the instruction. 
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Figure 4-23 FIR Logic 
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The decision to rotate the FIR bits is made by PROM E65 in the FIR logic. This PROM monitors the 
five MSBs of the DB register and generates the outputs that modify the address 23s data path state- 
ment. Table 4-16 shows the input/output signal relationship for the PROM. Note that an R3R oper- 
ation (rotate right 3 places) is carried out for all Special instructions [except LTR, where bits (9: 1 1) are 
immaterial] and for all Double-Word Data Reference instructions. For many of the Special instruc- 
tions the operation is superfluous and is performed only in the interest of limiting the number of 
decisions that the logic must make. Shown below is that part of the firmware that relates to the JSA 
instruction, a Special instruction that does require the R3R operation. 

/JSA 





*50 








50 


JSA, 


BKMA:=FPC 


T3 


SUB, INST24 (4) 


51 




OPADD:=TEMP(l:3),DB 


T2 




52 




BKMA:=OPADD; DB:=0 


T3 




53 




DB: = 1030!FPC(1:3) 


T4 


BKCMD: = 1 


54 




DB:=FPC 


BTl 




55 




BKMA, OPADD:=OPADD[+]Kl 


T3 




56 




TEMP:=OPADD[+]Kl 


T4 


BKCMD: = 1 


57 




FPC:=TEMP 


BTl 


EXIEST 



/SUBROUTINE-GET SECOND HALF OF 24-BIT INSTRUCTION 

*4 

4 INST24, FPC: = FPC[+]K1 T4 BKCMD:=0 

5 DB:=MD BTl RETURN 



If the JSA instruction were dispatched, for example, the field bits of the address specified in the 
instruction would be loaded in TEMP (1:3) at T3 time of address SOg. Then, after the 12 LSBs of the 
address had been read from memory and loaded into the DB, both the DB contents and TEMP (1:3) 
would be loaded into OPADD at T3 time. 

If, instead of JSA, a Single-Word, Indirect Reference instruction were fetched, a different modification 
of the data path statement would be carried out. Once again, the FIR logic would gate FIR bits (9:1 1) 
onto the AL B (13:15) L lines. Now, however, PROM E65 asserts the X3 L signal. The resulting 
operation causes the offset specified by the instruction to be multiplied by 3 and placed in TEMP. 
TEMP is then added to the base address to specify the indirect address of the instruction operand. The 
firmware portion shown below relates to the dispatch of a Single-Word, Indirect Reference 
instruction. 

/ENTER HERE FOR NON-INCREMENTED, NON-INDEXED INDIRECT ADDRESS CALC. 

//TEMP CONTAINS 3*FIR(9: 1 1) AT ENTRY 

*134 

134 INDIR. BKMA, TEMPI :=TEMP[+]BR+1 T3 

135 OPADD: =TEMP1 T4 BKCMD: = 

136 DB:=MD BTl 
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Table 4-16 PROM E65 Input/Output Signals 
(enabled when 'ENABLE FIR L' is low) 



PROM 








Low 




Output Signal Asserted 


Result 




Input 


Input Signal 


LSB SHFT 
SFMH 


LSB SHFT 
SELOH 


MSB SHFT 
SELIH 


MSB SHFT 
SELOH 


X3L 




Code 


DBOH 


DBIH 


DB2H 


DB3H 


DB4H 


Applicable FPP Instruction 





X 


X 


X 


X 


X 












R3R 


ADDX, LDX, ALN, ATX, XTA, NOP, 
STARTE, FEXIT, FPAUSE, FCLA, FNEG, 
FNORM, STARTF, STARTD, JAC 


1 


X 


X 


X 


X 




X 


X 


X 


X 


X 


X3 


FLDA (Single-Word, Direct Ref) 


2 


X 


X 


X 




X 












R3R 


FLDA (Double-Word) 


3 


X 


X 


X 






X 


X 


X 


X 


X 


X3 


FLDA (Single-Word, Indirect Ref) 


4 


X 


X 




X 


X 












R3R 


BRANCH, SETX, SETB, JSA, JSR 


5 


X 


X 




X 




X 


X 


X 


X 


X 


X3 


FADD (Single-Word, Direct Ref) 


6 


X 


X 






X 












R3R 


FADD (Double-Word) 


7 


X 


X 








X 


X 


X 


X 


X 


X3 


FADD (Single-Word, Indirect Ref) 


10 


X 




X 


X 


X 












R3R 


JNX 


11 


X 




X 


X 




X 


X 


X 


X 


X 


X3 


FSUB (Single-Word, Direct ReO 


12 


X 




X 




X 












R3R 


FSUB (Double-Word) 


13 


X 




X 






X 


X 


X 


X 


X 


X3 


FSUB (Single-Word, Indirect ReO 


14 


X 






X 


X 












R3R 


TRAP Instruction 


15 


X 






X 




X 


X 


X 


X 


X 


X3 


FDIV (Single-Word, Direct Ref) 


16 


X 








X 












R3R 


FDIV (Double-Word) 


17 


X 










X 


X 


X 


X 


X 


X3 


FDIV (Single-Word, Indirect Ref) 


20 




X 


X 


X 


X 












R3R 


TRAP Instruction 


21 




X 


X 


X 




X 


X 


X 


X 


X 


X3 


FMUL (Single-Word, Direct Ref) 


22 




X 


X 




X 












R3R 


FMUL (Double-Word) 


23 




X 


X 






X 


X 


X 


X 


X 


X3 


FMUL (Single-Word, Indirect Ref) 


24 




X 




X 


X 


X 


X 


X 


X 






LTR 


25 




X 




X 




X 


X 


X 


X 


X 


X3 


FADDM (Single-Word, Direct Ref) 


26 




X 






X 












R3R 


FADDM (Double-Word) 


27 




X 








X 


X 


X 


X 


X 


X3 


FADDM (Single-Word, Indirect ReQ 


30 






X 


X 


X 












R3R 


LEA 


31 






X 


X 




X 


X 


X 


X 


X 


X3 


FSTA (Single-Word, Direct Ref) 


32 






X 




X 












R3R 


FSTA (Double-Word) 


33 






X 






X 


X 


X 


X 


X 


X3 


FSTA (Single-Word, Indirect Ref) 


34 








X 


X 


X 


X 


X 


X 


X 


X3 


LEAI 


35 








X 




X 


X 


X 


X 


X 


X3 


FMULM (Single-Word, Direct ReO 


36 










X 












R3R 


FMULM (Double-Word) 


37 












X 


X 


X 


X 


X 


X3 


FMULM (Single-Word, Indirect ReO 
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A Single-Word, Direct Reference instruction also causes the FIR logic to assert the X3 L signal. 
Furthermore, such an instruction causes output F3 of muhiplexer E49 to go low (only single-word, 
direct referencing has instruction bit 3 low and instruction bit 4 high). Hence, multiplexer E54 selects 
its An inputs, and FIR bits (5:11) are gated onto the AL B (9:15) L lines. The resulting operation 
causes the instruction offset to be multiplied by 3 and placed in TEMP. When TEMP is added to the 
base address, the operand absolute address is completely identified. The firmware entries that follow 
relate to the direct address calculation, location 100 applying to FP mode and location 102 applying to 
DP mode. 



/DIRECT ADDRESS CALCULATION 
*100 
100 DIRFP, BKMA, TEMPI :=TEMP[+1 BR; DB:-0 T3 INSTR DISP 2 

/DP CALCULATION ADDS 1 BECAUSE BASE PAGE ALWAYS CONTAINS 3-WORD ARC. 
*102 
102 DIRDP, BKMA, TEMPI :=TEMP[+]BR+1; DB:=0 T3 INSTR DISP 2 



If the operand address specified by the FPP instruction is to be modified by the contents of an Index 
register, bits 6, 7, and 8 of the instruction will contain an octal number from 1 to 7 (Single-Word, 
Direct Address instructions are not indexed). After FIR bits (9:11) have been manipulated and the 
result stored in TEMP, FIR bits (6:8) are added to the contents of the XO register at the start of the 
address calculation, as illustrated in the firmware entry that follows. 

/INDEXED INDIRECT ADDRESS CALCULATION 
//TEMP HOLDS 3*FIR(9: 1 1 ) AT ENTRY. 
*13D 
130 XIND. BKMA:=X0[+]FIR(6:8) T3 GO TO, XINDl (147) 



Control ROM address 1308 causes PROM E88 (Table 4-15) to assert ths FIR (6:8) SELECT L signal; 
hence, multiplexer E52 gates FIR (6:8) onto the AL B (13:15) L lines and to the ALU. 

4.3.1.4 Constant Generator - The Constant generator, illustrated in Figure 4-24, includes two 
PROMs, E94 and E96. The PROMs are controlled by the B RD SEL (0:4) L signals and provide inputs 
for the B lines of the ALU. Table 4-17 relates the input/output signals for the PROMs and Hsts the 
applicable constants. 

PROM addresses and 1 are used to carry out three specific FPP operations. Address is involved in 

the firmware entry 

DB: = 1030!FPC(1:3), 

which is part of the JSA and JSR firmware routines. During the decoding of each of these instructions, 
a JA (unconditional jump) to the current value of the FPC is constructed and stored in core memory. 
The MSB of this JA instruction is 103X, where X represents the field bits of the current value of the 
FPC. The FPC is read from the A file and placed on the AL A (1:15) L lines. The constant generator 
logic shifts the FPC field bits [AL A (1:3) L] onto the AL B (13:15) L Hnes and places 0103 on the AL B 
(1:12) L lines. The ALU then gates its B inputs to the shift gates and the constructed MSB of the JA 
instruction is sent to the DB register for transfer to memory. 
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DPS B RD SEL4 L - 
DPS B RD SEL3 L - 
DPS B RD SEL2 L - 
DP8BRD SEL1 L ■ 
DPS B RD SEL L - 



DP4 AL A3 L - 
DP4 AL A2 L ■ 
DP4 AL A1 L - 



A0 
A1 
A2 
A3 
A4 



PROM 
E94 M0(0) 

M2(0) 
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M4(0) 
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PMB M7(0) 



-C A0 

-C 



PROM _ . 

o- 




■ DP5 AL B7 L 
• DPS AL B6 L 

DPS ALB5L 
DPS AL B4 L 
DPS AL B3 L 
DPS AL B2 L 
DPS AL B1 L 

■ D1S4 



DPS AL B15 L 
OPS AL BI4 L 
DPS AL B13 L 
DPS AL B12 L 
DPS AL B11 L 
OPS AL BIO L 
■ OPS AL B9 L 
OPS AL B8 L 



DIS4 


DIS2 


Dn 


DZn 


LO 


LO 


LO 


LO 


LO 


LO 


HI 


HI 


HI 


LO 
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HIZ 



Figure 4-24 Constant Generator 
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Table 4-17 


PROM E94/E96 Input/Output Signals 














Input Signal Low 








Output Signal Asserted 














(B RD SEL _L) 










(DPS AL B_ L) 












PROM Address 





1 


2 


3 


4 


DIS4 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


Constant 





X 


X 


X 


X 


X 


X 












X 










X 


X 








0103X, where X is determined 
byALA(l:3)L 


1 


X 


X 


X 


X 




X 
































OOOOX, where X is determined 
byALA(l:3)L 


20 




X 


X 


X 


X 




X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 








-30 


21 




X 


X 


X 














X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


3777 


22 




X 


X 




X 












X 






















2000 


23 




X 


X 








X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 




-6 


24 




X 




X 


X 




X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 


-5 


25 




X 




X 






X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 






-14 


26 




X 






X 


























X 


X 






14 


30 






X 


X 


X 




X 


X 


X 


X 


X 


X 


X 


X 


X 








X 




X 


-73 


31 






X 


X 






X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 






X 


-27 


32 






X 




X 




X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




-2 


33 






X 








X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


-1 


34 








X 


X 






























X 


X 


3 


35 








X 
































X 




2 


36 










X 
































X 


1 


37 
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PROM address 1 is used during either of the following operations: 

DB:=FPC(1:3); 
DB, FACM: = FACM(1:3). 

The first operation occurs during a Fast Exit, when only the FPC and the APT field locations are 
filled; the second occurs during an LEA instruction, when only the field bits of the effective address 
must be loaded into the FAC. 

4.3.2 ALU A Inputs 

The A inputs of the ALU are taken from the A-file, a write-while-read memory that provides storage 
for 15-bit data words. The A-file is illustrated partially in Figure 4-25; the signals that control the file 
are generated by the logic shown in Figure 4-26. The file is comprised of eight 82S21 ICs (for clarity, 
three are not shown). Each IC is organized so as to permit storage of 32 2-bit words; thus, eight units 
enable 32 15-bit words to be stored by the file (bit MO of ElOO is not used). The 32 file locations are 
assigned to specific operating registers and can be written into and read from; however, if both a read 
and a write are directed by the same data path statement, the source and the destination must be the 
same. 

When an a file is to be used in an operation, it is identified by the A ADDRESS (0:4) L signals (Table 
4-18 relates these signals to the A-file registers). The 15-bit word stored in the selected register is 
applied to the ALU on the AL A (1: 15) L lines. Conversely, the 15-bit word to be stored in the selected 
location is applied to the A-file on the OBUS (1:15) L lines. 

4.3.3 ALU and Shift Gates 

The ALU and the Shift Gates jointly manipulate data as directed by the Control ROM ARITH (0:3) H 
signals. The ARITH signals are shown below in relation to the function carried out in the ALU/Shift 
Gates. 



ADDRESS 
CALCULATION 
(15-BlT 
ARITHMETIC) 



DATA 

MANIPULATION 
(12-BIT J 

ARITHMETIC) 



t A READ MUST BE DISABLED 

X SHIFT BIT IF EXTEND IS H; SIGN BIT IF EXTEND IS L AND RIGHT SHIFT; IF EXTEND IS L AND LEFT SHIFT 

EXTEND = LOW: CARRY BIT TO ALU, ZERO OR SIGN TO VACATED BIT POSITION 

EXTEND = HIGH: CARRY FROM LAST OPERATION TO ALU, SHIFTED BIT FROM LAST OPERATION TO VACATED BIT 



ARITH 




ARITH 

I 


ARITH 

2 


ARITH 

3 


FUNCTION 


L 


L 


L 


L 


A+B+CARRY ( 1 5 BITS) TO OBUS 


L 


L 


L 


H 


(A+B+CARRY) *2 TO OBUS (2*B) 


L 


L 


H 


L 


(A+B+CARRY) LOGICALLY RIGHT ROTATED 3 PL. TO OBUS 


t L 


L 


H 


H 


(3*B+CARRY) (15 BITS) TO OBUS (3*B) 


+ L 


H 


L 


L 


(3*B+CARRY) *2 TO OBUS (6*B) 


L 


H 


L 


H 


A+B+CARRY (12 BITS) TO OBUS 


L 


H 


H 


L 


TO OBUS (15 BITS) 


L 


H 


H 


H 


A SIGN (0000 OR 7777) TO OBUS 


H 


L 


L 


L 


B TO OBUS (12 BITS) 


H 


L 


L 


H 


A+B+CARRY (12 BITS) TO OBUS (A-B) 


H 


L 


H 


L 


EXP SIZE 


H 


L 


H 


H 


OVFLO RECOVERY (COMPLEMENT OF SIGN^SGN, SHIFT RT) 


H 


H 


L 


L 


(A+B+CARRY) *2+SHIFT BIT" (12 BITS) TO OBUS 


H 


H 


L 


H 


(A+B+CARRY) + 2+SHIFT BIT^ (1 2 BITS) TO OBUS 


H 


H 


H 


L 


DIV FINAL 


H 


H 


H 


H 


MUL/DIV STEP 
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Figure 4-25 A File RAM Logic 
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Figure 4-26 A File Control Signals 



As noted, both 12- and 15-bit arithmetic can be carried out. 15-bit arithmetic is necessary during 
address calculation, since instruction and operand memory addresses include the field bits, which are 
designated as the address MSB to differentiate them from the relative address bits, or LSB. 12-bit 
arithmetic deals with operands and data derived from operand manipulations; only 12 bits of data are 
involved and, thus, only an LSB is considered in calculations. 

During 15-bit arithmetic, both the MSB and the LSB of the ALU are placed in the same arithmetic 
mode; likewise, both the MSB and the LSB of the Shift Gates are placed in the same shifting mode. 
Hence, relevant information is gated onto all 15 OBUS lines. For 12-bit arithmetic, the LSB of the 
ALU is put in the necessary arithmetic or logic mode, while the MSB is kept in the logic mode. During 
12-bit addition (i.e., when the arithmetic function [12 BIT] is included in the Data Path statement), the 
mode of the MSB permits these bits to be used for overflow detection. Nevertheless, in both this and 
other 12-bit arithmetic operations, the ALU MSB contents are irrelevant where the OBUS is con- 
cerned. This is so because in 12-bit arithmetic the MSB of the Shift Gates is kept in a mode that always 
gates zeros onto OBUS (1:3) L. Consequently, only the LSB of the Shift Gates places relevant informa- 
tion on the OBUS. 
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Table 4-18 A Address (0:4) L Functions 



A Address 


0:4) 


L 


Sources Selected for Reading or Writing* 





1 


2 


3 


4 


(Source gated to A input of ALU or loaded from OBUS) 


H 


H 


H 


H 


H 


FPC 


H 


H 


H 


H 


L 


XO 


H 


H 


H 


L 


H 


BR 


H 


H 


H 


L 


L 


OPADD 


H 


H 


L 


H 


H 


APT? 


H 


H 


L 


H 


L 


rEMA 


H 


H 


L 


L 


H 


FIELD 


H 


H 


L 


L 


L 


NOT USED 


H 


L 


H 


H 


H 


FACE (EXPONENT) 


H 


L 


H 


H 


L 


FACM [FRACTION (0: 1 1)] 


H 


L 


H 


L 


H 


FACN [(12:23)] 


H 


L 


H 


L 


L 


FACP [(24:35)] 


H 


L 


L 


H 


H 


FACR [(36:47)] 


H 


L 


L 


H 


L 


FACS [(48:59)] 


H 


L 


L 


L 


H 


NOT USED 


H 


L 


L 


L 


L 


SC 


L 


H 


H 


H 


H 


SCRATCHE 


L 


H 


H 


H 


L 


SCRATCHM 


L 


H 


H 


L 


H 


SCRATCHN 


L 


H 


H 


L 


L 


SCRATCHP 


L 


H 


L 


H 


H 


SCRATCHR 


L 


H 


L 


H 


L 


SCRATCHS 


L 


H 


L 


L 


H 


SCRATCHT 


L 


H 


L 


L 


L 


NOT USED 


L 


L 


H 


H 


H 


MQE 


L 


L 


H 


H 


L 


MQM 


L 


L 


H 


L 


H 


MQN 


L 


L 


H 


L 


L 


MQP 


L 


L 


L 


H 


H 


MQR 


L 


L 


L 


H 


L 


MQS 


L 


L 


L 


L 


H 


NOT USED 


L 


L 


L 


L 


L 


NOT USED 



* READ A H must be asserted for reading. 
WRITE A H must be asserted for writing. 
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Recall that the firmware (source code) describes a 15-bit add by including the arithmetic function [+] 
in the Data Path statement. The ARITH (0:3) H signals select this operation, all four signals being 
negated (refer to the first entry in the table that appears earlier in this section). Although a 15-bit add is 
characterized by this combination of the ARITH signals, the occurrence of this combination does not 
necessarily identify a 15-bit addition. For example; the Data Path statement of ^PC address 1435 reads 

DB, TEMP6:= FACE. 

The ARITH (0:3) H signals are negated during this address, but this operation is correctly termed a 
"move," rather than an add (one might consider this an add of FACE and 0). Furthermore, this move 
involves only 12 relevant bits, i.e., the LSB; at some point in the particular routine that this address is 
part of, the MSB is made zero so that the OBUS (1:3) L signals are negated. 

Similar reasoning can apply to other combinations of the ARITH (0:3) H signals. Do not try to 
generalize Data Path operations from the ALU/Shift Gates control signals. 

4.3.3.1 ALU Logic - The ALU logic is illustrated in Figure 4-27. The ALU, itself, is composed of 
four74LS181 ALUs and performs binary arithmetic operations on two 15-bit words (data calculations 
are carried out with the 12 LSBs, while address calculations use all 15 bit positions). The various 
arithmetic and logic operations are selected by five control signals - ALU M L (ALU M15 L is used 
for the MSB) and ALU SO L through ALU S3 L. These control signals are generated by the PROMs 
shown in Figure 4-28. PROM E75 is used during multiply and divide operations and its use is 
described in detail in Paragraph 4.3.5. Table 4-19 gives the input/output signal relationship for PROM 
E77 and states the ALU operation that takes place for each combination of input signals. PROM input 
codes 0-4 and 20-24 are related to 1 5-bit arithmetic. When 1 5-bit arithmetic is considered, the func- 
tions carried out in the ALU for codes 0-4 are repeated, respectively, for codes 20-24. Code corre- 
sponds to the first entry in the table of Paragraph 4.3.3, code 1 corresponds to the second entry of that 
table, and so on. Both the MSB and the LSB are in the same mode when these codes are generated (the 
MSB mode is controlled by ALU M15 L, which is asserted by PROM E78 - refer to Table 4-20). 

The rest of the input codes are related to 12-bit arithmetic and correspond to the 12-bit arithmetic 
entries in the table of Paragraph 4.3.3. During this arithmetic, the MSB is placed in the logic mode by 
the negated ALU M15 L signal. Generally, codes 5-17 and 25-37 result in the same functions; how- 
ever, codes 7 and 27 produce two different results, as do codes 12 and 32. Such differences result from 
tests of the AL A4 L signal; codes 7 and 27 are involved in the [SIGN] operation, while 12 and 32 relate 
to the [EXPSIZE] operation (refer to Paragraph 4.2.8 for a discussion of the latter). 

The ALU logic includes two 8097 hex buffers, although for clarity, only part of one - E50 - is shown in 
the figure. These buffers form the X3 Gates, which are used during address decoding operations and 
which are described in Paragraph 4.1. 

The ALU logic also includes a Look-Ahead Carry Generator, E82. This unit permits high-speed prop- 
agation of carries by anticipating a carry across the four binary ALU ICs. A carry is propagated to 
both the ALU and the carry generator by multiplexer E84, and originates in either the Control ROM 
location (if CARRY IN H is asserted) or in the Shift logic (if CLINK H is asserted). That is: The 
Control ROM location sometimes adds 1 to a quantity during address calculations by asserting the 
CARRY BIT L signal, which generates CARRY IN H; during subtraction operations, which the ALU 
performs in I's-complement arithmetic, the ARITH signals generate CARRY IN H so as to produce 
2's complement subtraction of the ALU inputs; during operations when the Control ROM asserts 
EXTEND H, the contents of the CLINK flip-flop in the Shift logic provide a carry input (refer to 
Paragraph 4.3.5 for details). 
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Figure 4-27 ALU Logic 
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Figure 4-28 ALU Control ROMs 
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During the course of an arithmetic calculation, a number can be encountered that is either too small or 
too large to be represented by a 12-bit word. Either an underflow condition or an overflow condition 
results; both conditions are detected by XOR gate E79 and NANDgate E86. An overflow results when 
two positive numbers are added to produce a number greater than 37778. Because both numbers are 
positive, ALUO L is high (during a 12-bit add the MSB (E81) is placed in an Exclusive-OR mode to 
facilitate overflow detection; thus, if B3 or A3, but not both, is low, ALUO L is low); also, since AL A4 
L is high, one input of E79 is high; if an overflow has occurred, ALU4 L is asserted, and E79 is 
enabled. Hence, OVERFLOW L is generated by E86. An underflow occurs when two negative num- 
bers produce a result that exceeds 40008 (37778, for example). As before ALUO L is high (1 -t- 1 = 0); 
however, ALU4 L is now high, while AL A4 L is low. Once again OVERFLOW L is asserted by E86. 

4.3.3.2 Shift Gates - The Shift Gates are shown in Figure 4-29. Each unit is a 74LS253 multiplexer. 
The multiplexers are controlled by the shift signals so that the shifting operations indicated in the 
function table can be effected. Each multiplexer has four inputs. Generally, each input is supplied with 
a signal from one ALU output. Depending on the state of the control signals, any one of four ALU 
outputs can be gated onto a specific OBUS line. For example, OBUS4 L can carry the output from 
ALU4 L (no shift), the output from ALUS L (shift left one), the output from ALUl L (shift right 
three), or an output from the Shift logic (shift right one). Multiplexers E57 and E59-E64 are controlled 
by the shift signals designated LSB SHFT SEL0,1 H. These multiplexers are used for both 12- and 15- 
bit arithmetic. Multiplexers E74 and E58, controlled by the MSB SHFT SEL0,1 H signals, are used 
only during 15-bit arithmetic. 

The shift select signals are generated by PROM E78, illustrated in Figure 4-30 (PROM E65 is dis- 
cussed in the FIR logic, Section 4.3.1.3). Table 4-20 gives the input/output signal relationship for £78 
and states the shifting operations that result. The first 5 entries in the table apply to 15-bit arithmetic, 
the rest to 12-bit arithmetic. 

PROM Input Codes and 3 result in no shift of the inputs, i.e., the ALU (1:15) L signals are gated 
onto the OBUS (1:15) L lines, respectively. This happens for addition and for move operations. The 
code 3 addition involves only the ALU B inputs, which are multiplied by 3 (X3 L is asserted by PROM 
E77) during the ALU operation. The shift-left that occurs during codes 1 and 4 produces a multi- 
plication by 2 of the ALU (1:15) L information. During code 4 the X3 Gates are enabled, multiplying 
the B inputs by 3; thus, 6-times the ALU B inputs are gated to the OBUS Unes. During a 15-bit left 
shift, the ALU I L bit is lost and is gated onto the OBUS 15 L line (+3 V is applied to the BO input of 
multiplexer E64 by the Shift logic). The last 15-bit manipulation is the shift-right three that occurs 
during the R3R operation. This is an end-around shift that is used to move field bits into position 
during pick-up and storage of the APT. 

Input codes 5-17 deal with 12-bit arithmetic. Note that the MSB multiplexers are always in the shift- 
right one mode. Since the Cn inputs of these multiplexers are tied to +3 V, zeros are gated onto OBUS 
(1:3) L. Codes 5-12 are used during 12-bit addition and no shifts of the LSB are involved. Code 13 is 
used to recover the sign bit after an overflow has occurred during a data calculation. The OVF 
RECOVER H signal causes the complement of the ALU4 L signal to be gated to input CI of multi- 
plexer E57 and placed on the 0BUS4 L line (the complement is identified as the SHFBK L signal, 
which is generated in the Shift logic). Thus, a FORBIDDEN result, for example, is converted from 
4000« to 2000h by the OVFREC routine. 

Codes 14 and 15 deal with left shift (SHL) and right shift (SHR) operations, respectively. During a 
SHL operation, the Shift logic provides either logic or the content of the SLINK flip-flop at input BO 
of E64. During a SHR operation, the Shift logic provides either the sign bit (the state of ALU4 L) or 
the content of SLINK at CI of E57. Codes 16 and 17 deal with the MDS and MDLST operations; 
these manipulations are described in Paragraph 4.3.5 
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Table 4-20 PROM E78 Input/Output Signals 
(PROM Enabled Permanently) 
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Figure 4-29 Shift Gates 
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Figure 4-30 Shift Gate Control ROMs 



Half of multiplexer E74 is devoted to carry manipulations. In 12-bit arithmetic a carry out of the ALU 
is represented by the signal from COUTZ of the carry generator. This signal is gated through E74, 
becoming the 12-BIT CARRY H signal that is stored in the CLINK flip-flop of the Shift logic. This 
stored carry can then be used as a carry-in during subsequent calculations. During 15-bit arithmetic 
carry-in signals for the ALU are generated only by the CARRY IN H signal (Figure 4-28); the output 
of CLINK is gated back to its input, forming a closed loop during 15-bit calculations. 

4.3.4 Shift Logic 

The logic shown in Figure 4-31 is an essential ingredient during 12-bit shifting operations. The logic 
includes three of the shift gates, E57, E64, and E74, the SLINK and CLINK flip-flops (E87), and 
multiplexer E84. Bits shifted out of a word during a left or right shift are temporarily stored in the 
SLINK flip-flop; the stored bit can then be shifted into the MSB position or the LSB position of the 
next word to be shifted. Moreover, carries that are generated during 12-bit additions are temporarily 
stored in the logic's CLINK flip-flop, from where they can be propagated to the LSB position of the 
next-more-significant word. 

During a SHR operation, the sign of the word being shifted is retained, while the LSB of the word is 
shifted into the MSB position of the next word to the right. For example: The firmware extract shown 
below directs a right-shift of the three MSWs of the SCRATCH register; 



1267 DB, SCRATCHM: = [SHR]SCRATCHM FREE* 

1 270 DB, SCRATCHN: = [SHR] [EXT] SCRATCHN FREE* 

1271 DB, SCRATCHP: = [SHR] [EXT] SCRATCH? FREE* 

1 272 NO OPERATION FREE* 



IFEP, SHR2(1273) 

IF EXPEL, SHRl (1266) 

RETURN 
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Figure 4-31 Shift Logic 



First, while SCRATCHM is shifted right one position, its sign bit is retained and its LSB is loaded into 
the SLINK flip-flop; then, while SCRATCHN is shifted right one position, the bit in SLINK is loaded 
into the MSB position of SCRATCHN and its LSB is loaded into SLINK; finally, SCRATCHP is 
shifted, the SLINK bit being loaded into the MSB position and the LSB being loaded into SLINK. 

To accomplish these operations, the logic begins by moving SCRATCHM onto the ALU (4:15) L 
lines. Both ALU4 L and ALU15 L are examined at the input of the Shift logic multiplexer E64. 
ALU 15 L is gated to the data input (D5) of the SLINK flip-flop, while ALU4 L, the sign bit, is applied 
through an Exclusive-OR gate to the Al input of multiplexer E84. During address 1267, the MULTOP 
H signal is low; hence, E84 gates Al, which represents the sign of SCRATCHM, to multiplexer E57; 
E57 then gates the sign signal onto 0BUS4 L. Meanwhile, the rest of the Shift Gates have gated bits 4 
through 14 of SCRATCHM onto OBUS (5:15) L, respectively; thus, SCRATCHM has been shifted 
right once, but its original sign is retained. At the next clock pulse, that of address 1270, the shifted 
information is loaded back into SCRATCHM and bit 15 is loaded into SLINK. 

At the same clock pulse time, SCRATCHN is gated to the ALU (4:15) L lines. Once again ALU 15 L is 
gated to the data input of SLINK, to be loaded eventually by the clock pulse of address 1271. Because 
the EXTEND H signal is now asserted by the Control ROM, MULTOP H goes high; E84 selects the 
output of SLINK and gates it to E57, where it is placed on the OBUS4 L line. The rest of the shift gates 
place bits 4 through 14 of SCRATCHN onto OBUS (5:15) L; hence, SCRATCHN has been shifted 
right once, its MSB position being filled with the original LSB of SCRATCHM. The SCRATCHP 
shift is handled the same way as SCRATCHN. Since this is the last step of this FP-mode shifting 
operation, any bits loaded into SLINK from SCRATCHP are lost. 

The manipulations carried out while shifting left are similar to those just described, but in the reverse 
direction, of course. First, the LSW is shifted; i.e., bit 4 is gated to SLINK, bits 5 through 15 are gated 
to OBUS (4:14) L, respectively, and zero is gated onto OBUS15 L (MULTOP H is low for the LSW 
shift, so E84 gates +3 V to E64, BO). Then, the next-more-significant word is shifted, its LSB being 
filled with the SLINK content and its MSB being loaded into SLINK for transfer to the next-more- 
significant word. 

4.3.5 Multiply/Divide Logic 

Figure 4-32 illustrates the logic that is used primarily during multiplication and division. The logic 
monitors a number of signals that characterize multiply and divide operations and manipulates the 
ALU and the DB register accordingly. 

When an FPP instruction is fetched, flip-flop E72B is loaded with a bit (DBO H) that identifies the 
instruction as FMUL or FDIV (DBO H is asserted if the instruction is FMUL, but negated if the 
instruction is FDIV). The resulting ENABLE DB BIT H signal is appHed to both multiplexer E68 and 
PROM E75. These two elements examine their input signals and manipulate both the ALU and the 
DB register according to the conditional inputs. Table 4-21 gives the input/output signal relationship 
for PROM E75, while Table 4-22 relates the various signal conditions to the results achieved in the 
ALU and in the DB register. 

For example: PROM input code 1 1 represents a divide operation (ENABLE DB BIT H is high) with 
MD LST specified by the ARITH3 H signal; the PROM examines the sign of both the data word in the 
selected TEMP register (TEMP SIGN L) and the DBll bit (DBll H is gated to DB BITl H by E68 
during a divide operation); since the two logic levels are different, the B input of the ALU is subtracted 
from the A input; the complement of the sign of the result (ALU4 L) is gated through E68 and to the 
DB register shift-left input (DB BIT H); the PROM asserts DB LFT EN H so that the DB BIT H 
signal is shifted into DBl 1 at clock pulse time; at the same time the Shift Gates are shifted left once. 
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Figure 4-32 Multiply /Divide Logic 
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Table 4-22 Multiply /Divide Conditional Operations 



Multiply (MDS) 


Divide (MDS and MDLST*) 


EXTEND ] 


i Asserted 


EXTEND H Negated 


EXTEND H Asserted or Negated 


DBll H Asserted 


DBIIH Negated 


DBO H Asserted 


DBO H Negated 


MDS 


MDLST 


A+B^Shift Gates 
Shift Left Once 


A-*Shift Gates 
Shift Left Once 
DBll^DBll 
(No Rotation) 


A+B^Shift Gates 
Shift Left Once 
DB0->DB11 
(Rotate DB Once) 


A-^Shift Gates 
Shift Left Once 
DBO^DBl 1 
(Rotate DB Once) 


TEMP SIG^ 


LandDBllH 


TEMP SIGN Land DBll H 


Same Logic Level 


Different Logic Level 


Same Logic Level 


Different Logic Level 


DBll^DBll 
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A+B-^Shift Gates 
Shift Left Once 


A-B -^ Shift Gates 
Shift Left Once 


A+B^Shift Gates 
Shift Left Once 
ALU4L^DB11 


A-B ^ Shift Gates 
Shift Left Once 
ALU4L->DB11 



* MDS: ARITH (0:3) H ASSERTED 
MDLST: ARITH (0:2) H ASSERTED, ARITH 3 H NEGATED 
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Note that the EXTEND H signal is irrelevant to the logic in Figure 4-32 (MULTOP H and EXTEND 
H are synonomous - the firmware identifies the condition of the signals being asserted as [EXT]); 
however, the signal still has relevance when the Shift logic is considered. 

4.3.6 Data Break Logic 

The FPP uses data breaks to fetch instructions, to read data from memory, and to store data in 
memory. A data break operation is initiated by many Control ROM locations within the data break 
area, i.e., the area represented by fiPC addresses below 400g (except addresses 0-3, 6, 7, 13, and 17). 

The Data Break logic is divided into two sections for descriptive purposes. The first, shown in Figure 
4-33, generates signals that, more or less, simply enable the FPP to control the PDP-8 CPU; the 
second, shown in Figure 4-35, generates signals that, generally, describe the type of data break and 
where in memory it is to take place. 

The Omnibus Control logic. Figure 4-33, initiates the data break, assumes control of CPU gating, and 
performs a priority check; Figure 4034 relates the significant data break control signals. When a data 
break is required by the operation being carried out, the Control ROM generates an output that causes 
the Clock logic to assert BRK RQ H. Providing certain conditions are met, BRK RQ H asserts the 
Omnibus signals that allow the FPP direct access to the PDP-8 memory. 

There are, essentially, two questions that the logic considers when the BRK RQ H signal is asserted: If 
the present timing cycle is a Data Break cycle (being used by the FPP), has the FPP been programmed 
so that it can use the next timing cycle as well?; is any higher priority device requesting a data break at 
the same time as the FPP? The first question, if appropriate, is answered at TP3 time, when flip-flop 
E47 is clocked. If the FPP can use consecutive memory cycles for data break transfers, the ALLOW B- 
B BREAKS L signal will be asserted (refer to Paragraph 4.3.7) and output R5(l) will go high at TP3 
time. If the present cycle is not a Data Break cycle, the MAC flip-flop is in its clear state and the 
question is irrelevant; thus, R5 (1) goes high at TP3 time after BRK RQ H is asserted. Output R4(l) 
also goes high at this time, as does R3(l); the latter output generates the NEW BRK signal, while the 
former output is NANDed with the output from R5(l). This NAND operation begins the prior- 
ity check procedure that answers question two. 

All data break devices place their priorities on the DATA bus (i.e., they assert the DATA line assigned 
to them) during TS4 L; e.g., the FPP asserts DATAl 1 L. If a higher priority device is requesting a data 
break at the same time as the FPP, its DATA line is asserted. For example, if the device assigned 
priority 10 requests a data break, it asserts DATAIO L during TS4 L. Output F2 of multiplexer E15 
goes low, inhibiting NAND gate E8. Thus, the PRIORITY OK L signal remains negated, and the FPP 
must wait at least one timing cycle before it can begin a break. However, if no higher priority device is 
present, PRIORITY OK L is asserted and the MAC flip-flop is set at TP4 time. 

When the MAC flip-flop is set, MAC(O) H goes low and the logic in Figure 4-35 is enabled. MAC(O) H 
is applied to decoder E28 and to the BKMA/BKEMA registers. The latter registers are loaded from 
the OBUS with the data break address at TP4 H time, providing NEW BRK is asserted. The negated 
MAC(O) H signal then gates the address onto the EM A and MA lines. 

Decoder E28 decodes, basically, the BKCMD (0:2) L signals asserted by the Control ROM. Table 4-23 
relates the BKCMD (0:2) L signals, the output of decoder E28, and the resulting data break operation. 
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Figure 4-33 Data Break Logic, Omnibus Control 
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Figure 4-34 Timing, Data Break Control Signals 



DP3 MACd) H 



^^o 



I/O PAUSE L- 
C8I FP lOT L- 



DP2 FIR 5 H- 



o- 



CB1 OB IN 
lOT H (FMRB) 
DPI G PAUSE H I 



o 



MAC(0) H- 



""X:^ 



DPI B INITIALIZE H- 
NEW BRK- 



o 



CB6 BKCMD L- 
CB6 BKCMD I L ■ 
CB6 BKCMD 2 L- 



CB2 PROT H 



:d 



fl Q Q a 



OUT 



_JcONT 

CLK 
CLR 



R2(l) RKl) R0(1) 



8Tia 
E29 



DATA 
ENA 



03 02 D1 00 



T 




> 



03 



F7t> 
F6> 



74LS42A F5 



02 DECODER p4 [^ 



00 



F2 O- 

Ft 
FOO- 



x> 



x> 



3— E> 






DPS OB RT EN I 
DP3 MAC<1) H- 



H E23\- 



EMA2 L- 
EMA1 L- 
EMA0 L- 



(MA<0:7>L)- 



MA11 L 
UA10 L 
MA9 L 
MAS 



X3 



^OUT 
CONT 



R2(1) RKl) RDd) 



CLK 
CLR 



~^DATA 
J ENA 



8T10 
BKEMA 
E22 



03 



J 



02 



01 



00 



~N 



11 



U 



BREAK DATA CONT L 






0P3 DB TO BUS 1 H 



OUT 



J CONT 

CLK 
CLR 



R3(1) R2(t) R1(l) R0(1) 



8T10 

BKMA 8-11 

E31 



DATA 
ENA 

D3 



OBUS 1 L-" 
OBUS 2 L— 
OBUS 3 L — 



-(0BUS<4:11>L)-- 



OBUS 12 
OBUS 13 L 
OBUS 14 L 
OBUS 15 L 



J 



02 01 00 



DP3 DB TO BUS 2 H 



-DATA 11 L 



-DP3 FP FETCH H 



03 


02 


01 


DO 


OUTLO 


LO 


LO 


LO 


LO 


FO 


LO 


LO 


LO 


HI 


F1 


LO 


LO 


HI 


LO 


F2 


LO 


LO 


HI 


HI 


F3 


LO 


HI 


LO 


LO 


F4 


LO 


HI 


LO 


HI 


F5 


LO 


HI 


HI 


LO 


F6 


LO 


HI 


HI 


HI 


F7 



OUT 
CONT 


DATA 
ENA 


Dn 


RnlD 


LO 


LO 


LO 


LO 


LO 


LO 


HI 


HI 


LO 


HI 


X 


NO CHANGE 



Figure 4-35 Data Break Logic, FPP Control 
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Table 4-23 


Data Break Logic, FPP Control Signals 




MAC (0) H 


BKCMD L 


BKCMD 1 L 


BKCMD 2 L 


DECODER OUT LO 


Signal Asserted 


Result 


LO 


LO 


LO 


LO 


fO 


MD DIR L, BREAK DATA 
CONT L, FP FETCH H (if 
DB RT EN H and MAC (1) 
H are asserted) 


Instruction Fetch - Read, 
DATA to FIR 


LO 


LO 


LO 


HI 


fl 


— 


— 


LO 


LO 


HI 


LO 


f2 


DBtoBUS 1, 2 H (During 
TS2) 


Write (PROT BIT IGNORED); 
Used for APT Get and Put 


LO 


LO 


HI 


HI 


f3 


MD DIR L, BREAK DATA 
CONTL 


Read (PROT BIT IGNORED); 
Used for APT Get and Put 


LO 


HI 


LO 


LO 


f4 


DB to BUS 1, 2 H (During 
TS2), BREAK DATA 
CONTL 


ADM (if PROT = 1 , BKEMA 
not Loaded) 


LO 


HI 


LO 


HI 


f5 


DATA 1 1 L (During TS2 if 
FIRS is HI), BREAK DATA 
CONTL 


Increment (If PROT = 1 , BKEMA 
not Loaded) 


LO 


HI 


HI 


LO 


f6 


DB to BUS 1 , 2 H (During 
TS2) 


Write (If PROT = 1 , BKEMA not 

Loaded) 


LO 


HI 


HI 


HI 


f7 


MD DIR L, BREAK DATA 
CONTL 


Read (If PROT = 1 , BKEMA not 
Loaded) 
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4.3.7 Lockout Logic 

The logic in Figure 4-36 enables the FPP to use the Lockout mode. The logic monitors the MD lines to 
detect the lOT instructions that are involved with the CPU interrupt system. If the active interrupt 
system is turned off (SKON or lOF is issued), the INT ON flip-flop is cleared; this holds the INT SER 
flip-flop in the clear state and the FPP operates in the Lockout mode uninterrupted, providing the 
Lockout bit is set. However, if the interrupt system is turned on by ION or RTF, the INT ON flip-flop 
is set. If an INT RQST L is generated in the system, the INT SER flip-flop is set and the FPP goes to 
the Interleaved mode. At the conclusion of interrupt servicing, the ION or RTF instruction, which re- 
enables the interrupt system, also clears the INT SER flip-flop in the FPP. The INT ON flip-flop 
remains set, and the FPP automatically resumes operation in Lockout mode. 
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Figure 4-36 Lockout Logic 



APPENDIX A 
FPP8-A FIRMWARE SYNTAX 



TMIS IS THE FOrtnU OF THt FPP SClUflCE CODE: 

«050LUTt LABtL D»T» P«TH TIrlING CONTROL 

ADOKtSS (MNEBQNIC) STATEnENr STATEMENT 5T»TE»E»T 

1. AUSOLUTt AUDHESS 

AN ISTERJSri »S TNE FIBST CM»«»CTtR AKHUuNCES AN ABSOLUU ADDHESb SETTING. 
InE KEMAINOtR OF The LINE »IJST THEN BE AN OCTAL AOOKEas. 

2, COInENTS 

« SLASH «S THf FIRST CH»'<»CTE'< ON A LINE «NNOUNCES THAT THE LINE IS A CQMMENT. 

J. LABEL 

UNEMONIC ADCKESS labels are six LHARiCTEkS 00 LLS5 IN LENOTH, CONTAIN 

Only 4-Z ANtl t-1, AniJ »«E TEi<nIN«TEri MiTH A C0(iMA-TAO PAIS. 

1, d«ta path statekfnt 

uata path statements axe of ihe ►ollo-ing form: 
nu operation 

OH 

OtSTIhATION:=souaCElARITHHETir FUNCTION] 30URCe»U DESTINATION siSOURCE 

SEVERAL OtSTINATIDNs maV HE USEO, KMERE LdGICALLY REASOnaUlE.-EACh OESIINAIIOn 
IS SEPaRaTEC mOf. ThE Nt«T SY a lCHHA-SP/iCE pair. by CONVENTION, THE FlHbl 

SOURCE IS The file « sujrce; the second one cafter the arithmetic function) 

IS the file b OR CONSTANT, THE ♦! IS DPTIONAL--II FORCES A CARRY INTO 
The ALU. If T«0 ARITHMETIC STATtfENTfl APPEAR ON THE SAME LINE. 
THEY MUST! 

I. Ht LOGICALLY ION-CONFlICTIIiG 

a. ot SEPakaTEO by a SErtlCOLU'^-SPACt Pair 
GENERALLY, Thi; SECONO ST«TE•lE^JT lIF OSEJ) '"ILL nfc tllHtK UB1""0 

OR on:s[oj . 

flSMA IS ALKAYS ONE UF THE OESTINaTIOnS EVERY TIME THERE 

IS A T3 IN IMF TIMING STATE1E»T, ANr „ 8NCM0:s MUST at IN THE CUNTROL 

STATEMENT FOR EVERY TA CE<CtPT F.jR AOURESSES 3, Q, /, U, 15 ANO 17), 

A LIST OF THE A SOLHCES AS£: 

FPC 

DH 

uPACO 

AHTP 

TlMA 

FItLU 

1-aCE 

F ACM 

FACN 

FACP 

fACR 

FACS 



9C 

SCRATCHE 

SCRATCHM 

SCRATCHN 

5CRATCHP 

SCRATCMR 

SCRATCHS 

bCRATCHT 

MOM 

HiJN 

MOP 

MiJN 

MUS 

IF FILE A Is USED BOTM AS A SOURCE AN[1 A DESTINATION, THE SAME SOURCE ANU 
DESTINATION IS USED, 



TME file o 50uHC£S ai!EI 

a (IWPLIEU If "OTHINIi 15 SPECIFIEOJ 

Kl t (PLUS W 

<i 

M4 

Ml (r«lNUS 1) 

na 
m3 

Mb 

r.ia 

.127 

M73 

TcKP<l:3>,ia CTHE FItLO i<ITS FSOn TENPJ '>= I" '"t 12 LSU) 

FIk<<>!n> OR FI»<5:iI> CTHE rlH BITS »Rt BITS FROM T'(E INSTRUCT lOK 

■ LKij .MIC" »RE S4VEP l» LATCHES IN Tnt. jATi P»Tn. THE CnOICE 
BETbcEH FIR<9:il> AMD F:h<5;11> is !1A0t a* AN EXTHA BIT 
ALSU L«TC"EO IN THE DATA PATH, V.HICn "itCOSUS THE STATE OF SITS 
3 ANO i if THE IiSTPUCTlON WUHD. TMtSE l»U aiTS HUST OE B AND I 
RESPtCTIVELT IN ijRDER T) GET FIP«5I11>) 

Lin CFIElO tilTS ■ tl) 

Ti;»P<l :J»,[)I4 (S»it AS ABnvL, EXCEPT TH«T T'lt 3 HSb AHE FILuEi) 
"ITH Tilt FltLO BITS FHQ-i TE'lP) 

FIK<6;a> (PlihT-.'uSTIFiE J--I,E, IN THE LSB) 

TEKP (TMtSE LIGHT HJC«Tin".S APE THE ""LY NSITASLE ONES IN FILE 6) 

TdHPl 

TCP.P2 

TtHPJ 

TcHpa 

TtHPb 

TchpO 

TtrH7 



SINCE THEHE ARE ONLY EIOHT aiJITAoLE LOCATIONS IM FKt a, THE XRITE LOCATIONS 
AHEl 

Tt«P 

TEMPI 

TEHP2 

TeI"P3 

TEMPA 

TEHP5 

Ttl-'Pt 

ThHP7 

nHITINii MUST HE TO A OIFFEREnT FILE FROi THE 0«lt BEiNu READ. 

TEHP1-TEMP6 APE USEO TO hOlO THE OPEHhNJ FETCHEO FRnr MEMORY. 

TEMP6 HOLUS the exponent; tempi holds THE MSB OF THE FRACTION) AND LESSER SITS 

OF FRAcTIUN ABE 5T0PEO IN TEMP2-3 RESPECTIVELY. THUS MOST OF THE XORD MOVES, ETC 

Take PLACE VIA TEMP 0» TEHP7. 

THERE IS A SPfXIAL OPEHaTIOn THAT INVilLvES BOTH A ANU B, AND A SPECIAL AHlTHHtTIC 

operation. 

Ij3ii;fpc<i:3> 
THE FPc FIELD BITS ARE PLACED ON THi; lSB OF THE INPJT TO THE ALU. 1J3IJ IS ORtO 
»ITH T.4F. FPC HELD HITS. Tic ALU IS PLACED IN A "9 ONLY" MODE tSO THAT THE FPC 
IS NOT AOuEl) TO TME *0MO ON THE y INPUTS}, 

AS 3TATEU ABOVE, THE ARITHMETIC i-UNCTiQN IS ENCLOSED IN SUUARE BRACKETS, ANU USED 
Ab A UELIHItEP 8ET»r.EN THE A AND B INPUT FUNCTIONS, 

15-BIT CAUDrfESS CALCULATION) FUNlTIIINS 

Function oescHiPTiON 

!*) 15-011 Au" 

[^•1 15 ill Aun fdlLjIEO 8T left shift. IS SHiFlEiJ I<IU ThE 

LSB; '■HE MSH IS lost, 
[J.J the contents of the h les of the adder are Sated onTO 

the a leg of the AOOtR ISHIFTED LEFT ONE PLACE). 
THE ADDER IS PLACED IN THE 15-8IT ADO HOOE. 

£6*] A COHBIN^TION OF 2* ANU 3* 

(rtJBl IHE A AN'J B LF.GS OF THE AUOtS ARE «OUED CIS-BIT ARITHMETIC) 

AND TrIE HtSULT OOTATtU 3 PLACES RIGHT. THIS 
HJNCTIO-J IS 5ENERALLY USED FOR hjvIns HELD BITS 
INTO POSITIDN, 



l,;-UIT HjtiCrlDNS (USED "i* JaTh nANIP.ILSTION) 

fjNCTIjN ■JF.iCKlPTlDN 

I121IT1 ^>\i. J tiso ARE ALhaYS ZEpJ. ThE 12 LSB ARE AOOEu TOGETHER. 

THE Mfia OF THE ALU Ahr. PLACEU IN A SPECIAL MODE 
jO Th„r TmIS PAHT of Tit ALU "AY BE USED fJR 
uVePFlU ■ DETECTION, 

[D [UY it 'JSE^ IN LITheh 12 OR 15 BIT HOOt.J ALL BITS 

ARE L\.K'i. 
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UlCjU.; THE Sies OF the 12-i»IT -Jko U'l TMt « (.EG OF The ALU 

iS EXilIiED, IF Trtt SIGN PIT IS d, THE UUT'ur 
UF THi; ILU "ILL iit 2t.«0, IF TMt SIGN dlT IS I, 
THE OUTPUT UF Tni «LU "ILL 8E 7'7/. 

1.111'jSI a . d, laO'S CjmPlCMEnT SUBTnACTi 12 dIT5. 

IcHFSIitl THE blliH OF i Is E««HINED, ^^ THE SIGN OF * IS o(fcl,«TIVt. 
IHE ALU OOTPUT IS !/77, IF THE 5ISN 
jF A is POSITIVE. THE COwrtNTS UF d ABE ADOtU 
TO A. 

luVhKtXJ OVE'ifLO-' SECCEkY. Tnfc ALU 15 PLACEu In »129ir" NOuE. THE 
|J"T»U!' JF THE ALU IS SHIFTEB RlbHT, THE COHPlEHENT 
uF THf. SIGt IS SHIFTtiv INTO THE SIGN POSIHON. 

[iHLl 12 3IT Lt.FT SiiI'T. i IS SMIFTEU INTO Tnt VACATtJ BIT. 

[oHKJ 12 3lT PiGHT SHIFT. THE SlbN dIT IS 3MIFTE0 INTO ThE 

VACATi.ll 6IT POSITION, 

[rtULSTJ LIKE HUS OESCRIIEO aELO-. EXCtPT That The RESULTING 

■iUOTICNT blT IS SHIKED INTO TMt 0»T» BUFFEH. 
USE" ONLY In The DIVIDE OPERATION. 

CnCSJ HULUPLY-PlViilt STEP. A SII IS SAVED IN THE MAJUK 

hEGISTE^S to OISTINGUSH BET»eEN nULTIPLY ANU 
■jIVIDE, THIS SIT IS SAVEJ AT The SAHE TIME 
THE FIR BITS ARE LATCHtO, 

IF THE OPtKATION IS HULTIPlYi 
IF Tnr. EXT 6IT COESCHIbED LATESJ IS NOT 
ASSFKTE:!) The MSB OK THE OB (OBd) IS EXAHINtO. 
IF Th:S 81T IS ZEMO. THE CONTENTS OF THE A 
LEG or THE ALU ARE GATED TO THE SHIFT GATES, 
AND SHIFTED LEFT. IF THE HSB OF THE DB IS 1, 
A'J ADO OF A AND B OCCUSS BEFORE THE SHIFT. 
IN enMEH CASE. THE DB IS SOTATtO LEFT ONF, PLACE, 



IF THf. IXT tllT IS ASSERTED, THE SAME OPtHATIU.'. 
AS PESCIIBEO ABOVE TAnES PLACE, txCtPT THAT 
IHE CIIMJITIONAL AOO IS CONTRGLLtJ BY Oa\i, 
NO HOTaTIMG OF THE Oo OCCURS. 

IF THE OPcHATlON IS DIVJjE: 
THE SiG-i OF ThE '<ORD In TEHPl-TtHP3 IS tXAnlNtD. 
u9n iS ALSO EXAHINtU, IF THESt T<U BITS AHE 
THE SAHE, A IS ADDED TO B. IF THESE T»0 BITS 
ABE DIFFtRENT. B IS SUBTRACTED FHO" A. IHE 
KFjliLT IS SMIFTEU LEFT ONE PLACE. If THE STEP 
IS MOLST, RATHER Than nOS, THE SIGN Of THE hESULT 
IS ALSO SHIFTED INTO THE OB. 

A SPECIAL BIT, CALLEU EXT IS USEu TO CONTROL THE CARRY AND SMIFl LINK IN 
12-eir OPERATIONS. IF exT is negated, Tme operations DESCRIBED ABOVE OCCUR. 
If tXT IS ASSERTED. THE JPERArinN PERFORMED IS SIMILAR TO THAT UESCRIBED AdUVt 
EllCEPT: 

1. THE CARRY ASSERT IS IGN0REI1--THE CARRY LINK IS USED INSTEAD. 

2. IF The OPERATION IS A 12-BIT SHIFTING OPERATION OF SUM6 SORT. 

THE SHIFT LINK l3 USED TO FILL THE VACATEO BIT POSITION AND 
THE BIT WHICH WOULD NilHlALLY BE LOST IS LOADED INTO THE 
SHIFT LINK. THE SHIFT LINK IS HOT CHANGED IF NO SHIFT 
IS PERFORMED. 

THE EXT BIT ALSO HAS SPECIAL SIGNIFICANCE In THE HOS OPERATION. SEE 
DtSCKIPTIUN ABOVE, 

5, TIMING STATEMENTS 

THE FDlLOhING timing STATEMENTS iILL BE FOUND IN THE LISTINGI 

T33 LEADING EDGE OF CLOCK PULSE COINCIDES HITH LEADING EDGE 

OF OMNIBUS SIGNAL TPZHl TRAILING EDGE COINCIDES xITH 
LEADING EDGE OF OMNIBUS SIGNAL TPJH. 

BTl FPP DATA BREAK AND OMUIrlUS SIGNAL TPl 

T2 OMNIBUS SIGNAL TP2H 

TJ OMNIBUS SIGNAL THJH 

T4 OMNIBUS SIGNAL TP4H 

FREE FREE-RUNNING CLOCK IN THE FPP 

FREE* FREE-RUNNING CLOCK IN THt FPP 

ThE USE OF FREE A'^D FREE* IS A LITTLE BIT OF A KLUDGE, ORDINARILY, THE • 
FUNCTION HOULO BE IN A SEPARATE FIELD, HOHEVER, THIS CONVENTION MAS ENPLOYEO 
TO KEEP The "IOTH of THE LISTING RITHIN BOUNDS. THE • BIT CONTROLS THE FILLING 
OF A SET OF FLAGS WHICH REFLECT THE STATE OF EITHER TEMPl-TEMPS (IF THE • IS NOT 
PRESENT) OR SCRATCHM-8CRATCHS CIF THE « IS PRESENT). THE 

• IS NEVER PRESENT UNLESS THE FREE-RUNNING CLOCK IS ON. HENCE AT THE START OF 
ALL ARITHMETIC OPERATIONS, THE MOVABLE 'LAGS REFLECT THE STATE OF TEMPJ-S, 
THUS THE FPP CAN TEST FOR ZERO OPERANOS, ETC. AS SOON AS THESE INITIAL TESTS 

AHE LOhPlETE, and before SCRATCH IS LIIA'JED. ThE FREE* TIMING STAlcMtNT 
APPEARS. FOR THE REMAINDER OF THE OPERATION, THE HOVtABLE FLAGS REFLECT Thc 
STATE OF THE SCRATCH FILES BtCAUlE OF T-it CONTINUED PRESENCE OF THE ♦. 

6. CONTROL STATEMENT 

THE CONTROL STATEMENT GOVERNS INIERNAL HOUSEKEEPING uPERATIONS "IIHIN TMt fPP. 
The PRIMaKY USE OF CONTROL blATE'lENTS IS TO GOVERN JunPS, SUBROUTINE CALLS ANu 
CONDITIONAL BRaHCHES Up THE MICRu PC. SOME SECONDARY FUNCTIONS—SETTING OF 

Various bits in the status «ord, etc. are also done by control statements. 
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^U^lE Tie nIC«iJ PC IS INC«E"tNTeU 

tJ*C>l[)l« SAME •S »80VE, tXCECT BITS H-ll Of MICRU f In A«t UOAUED 
INTO The BKCXO PEGISTEi* OF THE NAJOH HESISTtH 
oSEAK C'JNTOL. TIE LOAOlNS Of TnE anCMO KtHSTtK 
>1APPE:-I3 AUTa«ATIC4Ll.r BECAUSE A UATA DHcAK 
KAS Rf.OJESTED. 

GO TO, THIS IS AM UNCOvOITIOnal JUnP Of TmE MICSO PC. THE 

nICRO P IN OITS ABE LJAOEO INTO THE MICMU PC, 

1N5TH DISP 1 FIRST IHHTRUCTION OISPATCH, THE MICRO P IN flITS ARt 
ijETERHIVED by THE VAHIOJS FAC FUAGS AND THE 
INSTB.ICTIOH «IDRI) ON THE HO LINES OF THE OUNIBUS. 
"tt S'tEET 3 Of H-CS-nS41«.«-9 FOR HQHE 
COnPLCTE DETAILS. 

INSTR OISP 2 SEC'JNO INSTRUCTION JISPaTCH, USED BT DATA REFERENCE 

INSTRUCTIONS. THIS uISPATCM DIRECTS THE CONTkOL 
TO THE FLDA, F5TA, CETARO OR GETN ROUTINE, 
uEPENi)I-<li On THE CURRENT INSTRUCTION. SEE 
SHEF.T 5 OF K.CS-H84ia-B-S, 

InSTH OISP 3 THIS INSTRUCTIOl DISPATCH IS USED BY INSTRUCTIONS HMIUH 
USED F.ITHER ThE SETAHG OR GETN ROUTINE AT 
IN5TR OISP 2. INSIR OISP 3 DIRECTS THE CONTROL 
10 THE APPROPRIATE ARITHMETIC ROUTINE. SEE 
SHEET 12 OF K-CS-H84la-a-9 FOR DETAILS. 

SUB, THE CURRENT STATE OF THE HICRO PC IS SAYEO IN iHt SP 

REGISTER. THE HICRO P IN BITS ARE LDAOEU INTO 
THE HICRO PC. A FLIP-FLOP (COUNT SP) IS ALSO 
SET, 80 THAT THE SP IS INCREHENIEO AT THE NEXT 
HICRO PC CLUCK. THIS NETHOD OF CALLINS SUBROUTINES 
PLACES THO IMPORTANT RESTRICTIONS On THE CONTROL 
CODE—ALL SUBROUTINES HUST BE AT LEAST 1 
INSTRUCTIONS LONG, ANU ONLY ONE LEVEL OF 
SUeROUTINING IS PERHITTED. 

C5U8, LIKE "SUo," EXCEPT THAT "COUNT SP" IS SET ONLY IF THE 

HIT CnU'iTER CONTAINS ALL l>3, ANOTHER CONTROL 
sTATEHE'jT CPRESET BIT COUNT) LOADS -12 INTO 
THE BIT COUNTER, HENCE C3UB ALLOitS 12 SuCESSIVE 
CALLS TO A SUBROUTINE BEFORE PROCEEDING TO 
THE NEXT INSTRUCTION IN THE CALLING PROGHAH. 

RETURN RETURN FROM SUBROUTINE (EITHER TYPE). THE CONTENTS 

OF SP ARE LOADED INTO THE MICRO PC. 

CONDITIONAL BRANCHES—IN ALL CASES, MICRO P IN IS LUAOEO INTO THE 

MICRO PC IF THE CONDITION IS MET. IF THE CONDITION IS NOT MET, THE HICKO PC 

ADVANCES TO THE NEXT INSTRUCTION IN SEOUENCE. 

STATEMENT BRANCH IF 

IF DP, CALCULATING HDDE IS DP (24-BIT FIXED POINT) 

IF EP, CALCULATING MODE IS EP (FLOATING POINT, 6i BIT FRACTION) 

IF NOT EP, CALCULATING MOOS IS EITHER 24 BIT FIXED POINT OR FLOATING 
POINT HITH 24-BIT FRACTION. 

If FS, THE BIT I'J THE COHMAND REGISTER INDICATING A 2-kuRD 

ACTIVE PARAHETER TABLE IS SET, 

If IIK, THE BIT IN ThE "lAJOR REGISTERS INDICATING A ZERO KURD 

u^ The 10 LINES IS SET. 

IF OVFL, THE ARITHMETIC OPERATION Two STEPS BACK IN THE LISTING 
PROOUCEO AN OVERFlO"! 

If HD«E OK, THE FIRST 13 ilITS OP THE "ORO I» 3CRATCHM-SCRATCHN ARE 
ALL I'S OR ALL l^'S, (I.E., BRANCH IF SCRATCH 
HAY BE M0RHALI2ED BY DOING WORD MOVES.) 

IF NORMED, THE "ORO IX SCRATCHH, ETC, IS nORHALIZEB. (BITS e ANU 1 
ARE NOT EaUAL, OR TMt ENTIRE NOHD IN SCRATCH 
IS ZERO,) NOTE! THIS TEST DOES NOT CHECK FOR 
SCRATCH • BBBB dBBU, SEE "FORBIDDEN" BELOn. 

IF TO MEM, CURRENT INSTRUCTION IS FAOOH OR fnuLH, 

IF FACSGN, BIT a OF FACM IS I (IE, fAC IS NEGATIVE) 

If FACZERO, ENTIRE FAC FRACTION IS ZERO. noTEI IF NOT IN EP 

hODE, HAROHARE ignores fACP, FACR AND FACS. 

If TEMPZERO, THE TEMP FUG IvOICATING ZtRO IS SET. NOTE! THE TEMP 
FLAGS ARE HOVtAHLE, Ar,u LOOK AT TEMPl-5 OR 
SCRATCH DEPENDING On THE FREE/FREE* STATEMENT 
IN THf, TIMING FIELD, 
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IF TEHPSGN, THE TEHP FlAG tMOICATING * NtSATIVE FRACTION IS SET, 
THE NOTE ABOVE APPLIES, 

IF FOHSIDOEn, SCRATCHN-SCRATC-IN (OR SCRATCnn-SCRATCHSl •4eil0 eUKII, CALCULATIONS 
THAT RESULT IN SBBg ittt NORMALIZE ONE STEP TOO 
MANY, TEST FOR THE FURBIOOEN NUH8ER «iITM THIS 
oRANCh TEST, ANO THEN SHIFT THE SCRATCH AREA 
KISHT OmE place, 

IF SON, THE SIGN Op THE ARITHMETIC OPERATION T«0 STEPS BACK IN 

THE LISTING HAS NEGATIVE, 

IF EXPFL, TEST THE STATE OF THE EXPONENT FLAG, BRANCH IF IT IS 
SET, (THE EXPONENT FLAG REFLECTS THE STATE 
UF THE »C REGISTER. IT IS SET IF T«E LAST OPERATION 
LOADING THE SC PRODuCEO EITHER A NEGATIVE RESULT 
OR A POSITIVE RESULT AND AN OVEKFlOH. OTHERWISE 
IT IS CLEARED.} 

IF nZSET, the EXPONENT IINOERFLOK FLAG IS CLEARED, OR THE 

ZTRAP BIT OF THE COMMAND REGISTER IS SET. 

MISCELLANEOUS CONTROL OPERATIONS 

STATEMENT OPERATIO'i 

SET THAPI SET THE TRAP! FLAG IN THE STATUS REGISTER 

SET Dive SET THE uIV3 FLAG IN THE STATUS REGI3TEH 

TEST OVFL TEST OVEkFLOK. THIS OPERATION TESTS THE ARITHMETIC OPERATION 
TWO STEPS BACK IN THE LISTING, 

DPi SET The upuvf flag 

NOT DPI IF SGN IS -, COMPLEMENT 

EXPOVf, IF SON IS », COMPLEMENT 
ONOFlO 

E^TER (OP OR FP OR EP) HuOE 

MICRO P IN la A'-O MICRO P IN 11 ARE LOAOEO INTO IHE OP 

ANO EP Flop-flops, causing a change in calculating 

MHOE, 

tllT Ul BIT 11 NEW HUUt 

*) a FP 

I] 1 DP 

1 B tP 

1 1 ILLtGAL — NOr USEO. 

PRESET BIT COUNT 

THE BIT lOUNTTR described In THE C3UB OPERATION IS PRtSET 
TO -12 (I'S COhPLEMEnT), 

EXTEST IF NONE UF THE CONDITIONS DESCRIBED BELOW IS MET, GO 

TO FETCH (MICRO PC • 3^) 
IF ANY CONDITION IS MET, GO TO EXSTHT (MICRO PC 

• men), 

CONOITIONSI 

FORCED EXIT FlAG SET 
Dive FLAG SET 

dpovf flag set 

expovf flag set 

undflo flag set, and ZTHAP 

command bit also set. 
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APPENDIX B 
FPP8-A - FPP12-A DIFFERENCES 



Iflt ^PP8-A IS A CODE-CafPATlBLE F PP «illCH PLUGS INTQ TNE OMNIBUS, 
IT XILL KllN FPPU-A FORTiiAH IX HlTHOUT 'lOOIF ICaTIOn , 

A, PHYSICAL PIfFEHtNCtS 

i^PP12-A: t CABINET, CU'4T AlNlnG POWER SUPPLY AMD 6 

"OOmTinG PAHElS of logic. Tnt FPP12-A HtOUlRES HA-8E 
AND KO-flt IM lIDOER TO RUN ON AN OMNiaUS-TYPE 
lACilNE. POWF.fc CONSUHPTION IS 200 WATTS, PLUS TMt 
PDntR REiJUIREil iy THE "A AND KO. 

fPP8-AI 2 HE« MOuULES "iHICH PLUG INTO TNE OHNISOS. 

« SINGLE INTERCONNECTING CABLE BETkEEN THE 
FPP3-A MuOULEn USES STANDAKU BEHG Se-PIN 
HEaUERS, Qi^NIB'JS poker REQUIKED is *5 VOLTS 
AT 8,8 A,iPEREr< (44 XATTS) , NO KO-BE OR KA-BE IS 
required; N1 CO-iNtCTIONS to EXTERNAL PEKIPHEKALS 
ARE HADE FROM THE FPP8-A "OOULES, 

b, INSTRUCTION SET DIFFERENCES 

1. FPP8.A IS AVtILABLE IN HNE FLAVOR ONLY"TMt 6U-8IT 

EXTENDED PRECISION MODE IS BUILT IN. 

2, ALL UNDEFINED INSTRUCTIONS EXECUTE NO OPERATION IN TNE 

FPP8-A, "OSt UNuEFlNEO FPP12A INSTRUCTIONS EXECUTE NO QPtRATION, 
BUT SOME ARE NOT TESTED, 

i, MAINTENENCt lOTS ARE OIFFEReNT. 

4, THE "LOCKOUT" BIT, BIT 8 OF THE COnnANO REGISTER, ALLOMS 

The FPP8-A COIPLlTE ACCESS TO THE BREAK STSTEH «HEN IT 
IS SET. CTNE FPP12-A CAN TAKE BREAKS AT A NAXINUH KATE 
OF ONE BREAK EVEKY OTHER MEHORY CYCLE.) THE FPPa-A 
IS DESIGNED SO THAT IT CAN KEEP THE BREAK 
SYSTEM TIED UP FETCHING INSTRUCTIONS, OPERANDS, ETC. 
IF THE LOCKOUT BIT IS SET, THE FPPB-A »ILL RELIN0UI3M 
THE BUS ONLY WHEN IT NEEDS TO 00 SOME ARITHMETIC WORK 
BEYOND HERE ADDRESS CALCULATIONS, •HENEVER THE FPP8-A 
DISCERNS AN INTERRUPT SERVICE IS BEING PERFORMED BY 
THE P0P8-A, IT TEMPORARILY DISABLES THE LOCKOUT 
MODE AND RUNS AT HALF SPEED UNTIL THE NEXT ION 
INSTRUCTION IS GIVEN, 

b. COMMAND REGISTER SITs 4, fi, 6 ANO J WORK DIFFERENTLY IN THE 
FPPB-A. IN THE FPP12-4, THESE BITS CONTROL STOKING OF 
OPERAND ADDRESS, %i, IIR AND FAC RESPECTIVELY UPUN EXIT, 
IN THE FPP6-A, THESE SITS ARE TESTED AS A UNIT, IF ALL 
FOUR BITS K<<i 1, THE fPP8-A GOES TO A "FAST ENTRY AND 
EXIT" HOOE, «HERt IT PICKS UP AND STORES ONLY THE 
FPC ON ENTRY ANO EXIT. ANY OTHER COMBINATION OF BITS 
CAUSES THE FPP8-A TO PICK UP AND RESTORt THE ENTIRE 
*PT. 

caution: THIS XILL «l)H< ON 

FORTRAN IV, ThEhE IAV ^E SOME OTHER PEOPLE XHO HAVE 
NHITTEN THEIR OHN PROliRAHS "HERE THEY USE A SHORTER, 
BUT NOT THE SHORTEST, APT. IF SO, ThtY MAY BE IN 
TROUBLE, NOTE, HOREVER, THAT THE FAC IS AT THE ENO OF 
THE APT, HENCE THE ONLY PEOPLE WHO COULD POSSIBLY BE 
IN TROUBLE ARE THOSE WHO USE THE FOLLOWING CONFIGURATION 
OF BITS IN THE COHHANO SEGISTEOI 

BIT 7>tt BIT H'il BITS 9 AND ti ANYTHING, (DO 
NOT SAVE THE FAC, BUT SAVE OPERAND 
ADDRESS ANO PERHAPS X9 ANO/OR BR) 

BITS 7 AnO 4>t; BIT Swill BIT 3 ANYTHING. (DO 
NOT SAVI THE FAC OR OPERAND ADDRESS, 
BUT SAVE BR ANO PERHAPS XB.l 

BITS 7, 4 AND Oil BIT S•^. (DO NOT SAVE FAC, 
DPERaHO ADDRESS OR BASE REGISTER, BUT 
4AVF TH? INDEX REGISTER POINTER.) 

OR WHO STORE CONSTANT!! IN OTHERWISE UNUSED LOCATIONS IN THE 
APT. 
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ALL EXECOTION TIHES ARE DIFFERENT, 

IN GENEI««L, LOAOa AND STORES ARE CONSIOERABLY FASTER 

IN THE FPP8-AF AUDS, 8U9S AND SHORT MULTIPLIES ARE SLIOHTLV 

SLOHERI S0-SIT HULTIPLIES AND DIVIDES ARE 

sex SLOHER IN THE FPPH-t. HUH THE LOCKOUT BIT SET. 

FORTRAN IV RUNS AT ASngT THE SAME SPEED AS IT DID ON 

THE FPP12A, 

THE FPP12<A HAS 4 SUaRD BITS WHEN IT IS RUN IN FP OR 
DP MODE, THE FPPe«A HAS 1! BUARO BITS, BOTH FPPS 
USE NO GUARU BITS IN EXTENDED PRECISION (BU-BIT) NODE, 



6, Three of THE 5 TRAP INSTRUCTIONS ARE REPLACED BY NE» 

COf'HANUS. T^^APa ANO TR4P4 REnAID AS IN THE FPP12-A, 

OP CODE: idi eeki ccc tie 

HNtMJNICI LTR 

0Pt«ATION: LOAD TRUTH, CCC (THE CONDITION) IS 

DEFINED l" THE S«HE XAY AS FOR BRANCH INSTHuc- 
TlO'tS. IE< CCC'B MEANS Ou IT IF F«C"0, ETC. 
IF CONDITION IS HET, LUAU FaC "ITH a FLDaTINC 
l.a, CIr< DP UOOt, FAC IS LOAuEO HITH 2ilt)ii BeUU,) 
IF CONDITION iS NOT HET, CLEAR FAC, 

DP CODE! Hi) en* to MSB 

ADORERS LSlI 
MNEHONic: LEA UH IMUL CiJEPEN0IN5 ON MODE) 

operation: in fp or ep hdoe, lhao effective address, 

DO AN AOuRESS calculation, AS THOUGH THIS HERE 
A 24-BlT DIRECT DATA REFERENCt IMSTRUCIUN, TnEN 
OUHP THE RESULTING ADDRESS INTO BITS S-23 OF THE 
FAC AND CHANGf. TO DP HODE, 

JN UP I1'5DE, FETCH OPERAND ANO PERFORM 
A SIGNED INTEGER MULTIPLY ON THE CONTENTS OF THE 
FAC, LEAVING THE RESULT In ThE FAC. 

OP code: III lie* XR OFFSET 

HNEHONICI LEAI ON IHULI COEPENDING ON HOCEJ 

OPERATION: IN FF 0" EP HOOE, LOAD EFFECTIVE ADuRESS 

INDIRECT. DO A SINGLE kiOHO INDIRECT ADUHESS 

CALCULATION, PLACE THE ADDRESS INTO FACil-23, AND 

CHANGE TO DP HOOE. 

IN DP NJDE, FETCH OPERAND, CALCULATING 

THE ADDRESS U.IING THE INDIRECT ADDRESSING RULE. 

FETCH OPERAND, AND PERFORM A SIGNED INTEGER 

MULTIPLY BETWEEN THE OPERAND AND THE FAC. 

THE RESULTS Of THE MULTIPLY ARE LEFT IN THE FAC, 

9, ABSOLUTELY NO ATTEMPT IS BEING HADE TO HAVE THE FPPB-A 

RUN ON A DU-SE, INnECD, THERE ARE FUNDAMENTAL REASONS 
l^HY THE FPP8A CAN NEVER RUN ON THE EXTERNAL POP-8 
I/O BUS--THE INTERRELATIONSHIP BETkEEn FPP ANO 
OMNIBUS TIMING SIGNALS, AND THE RELIANCE ON THE 
OMNIBUS AOD-TO-MEMORY DATA BREAK FEATURE. 

10, OPAOD BEHAVES SLIGHTLY DIFFERENTLY, IT IS UNAFFECTED BY 

,|NX AND BRANCH INSTRUCTIONS, 

11, THE FPP12-A "AS SELF-INCONSISTENT IN THAT FPICL DID NOT CHANGE 

THE STATE OF THE FPP FROM DP TO FP, BUT DID CHANGE IT FROM EP 
TO FP, THE FPPB-A WILL ALKAYS RETURN TO FP HODE ON AN FPICL, 
FPIST OR CAF IDT, 
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APPENDIX C 
IC DESCRIPTIONS 



This appendix describes the ICs listed below. The "S" in an IC designation indicates Schottky- 
clamped, TTL logic, while an "L" indicates a low-power device. Any such devices are functionally 
identical to TTL alone; for example, the 74LS 1 5 1 and the 74 1 5 1 are identical, and the two designations 
might be used in the same piece of literature. 

74LS42 

7475 

8T10 

8136 

82S21 

8234 

8266 

8613 

74LS139 

74LS151 

74LS157 

74LS158 

74LS161 

74LS181 

74LS182 

74LS194 

74LS253 

82S112 

FPLA (14X48X8) 
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7442 4 LINE TO 1 LINE DECODER 

These BCD-to-decimal decoders consist of eigiit inverters and ten 4-input NAND gates. The inverters 
are connected in pairs to make BCD input data available for decoding by the NAND gates. 
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TRUTH TABLE 



BCD 
Input 


Decimal 
Output 


D3 


D2 


DI 


DO 


to 


f1 


f2 


f3 


f4 


f5 


f6 


(7 


f8 


f9 

































































































































1 





























1 





























1 






























1 




































1 















































































































1 





























1 




























1 





























1 



























C-2 



7475 4-BIT BISTABLE LATCH 

The 7475 latches are used for temporary storage of binary information. Information present at a data 
(D) input is transferred to the R output when the clock is high, and the R output will follow the data 
input as long as the clock remains high. When the clock goes low, the information present at the data 
input at the time of the transition is retained at the R output until the clock is permitted to go high. 
Input ENBl is the clock input for data inputs DO and DI. ENB2 is the clock input for data inputs D2 
and D3. 
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RO 
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1 


R1 
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1 


R2 


ENB2 


D3 




1 

1 




1 


R3 



VCC PIN 5 
GND PIN 12 



note: 



RN (0) Outpuls = inverted RN ( 1 ) oulpuls . 
2. ENBl ond ENB2 clock on negative going edge. 



IC-7475 
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8T10 QUAD, D-TYPE, BUS FLIP-FLOP 

The 8T10 outputs present a high impedance to the bus when disabled and active drive when enabled. 
When both the inputs and outputs are enabled, the output follows the data input when clocked; if the 
input is disabled, while the output is enabled, the output remains in the state it exhibited before the 
clock pulse. 
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ENA 
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R2(2) 
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LOGIC DIAGRAM 
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TRUTH TABLE 
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8136 6-BIT, UNIFIED-BUS COMPARATOR 

The 8136 compares two binary words (from 2 to 6 bits in length) and indicates matching bit-for-bit of 
the two words. Inputs for one word are TTL, while those of the second word are high impedance 
receivers driven by a terminated data bus. The transfer of information to the output occurs as long as 
the STB input is logic 0. Inputs may be changed while the STB input is at the logic 1 level without 
affecting the state of the output. 




OUT 



STB 



R= H1-Z BUS RECEIVER 
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82S21 64-BIT, WRITE-WHILE-READ RAM 

The 82S21 IC is organized in 32 words of 2 bits each. _Words^ire selected through a 5-input decoder 
when the read-write enable input, CE, is a logic 1 (hi). WO and W l are the write inputs for bit and bit 
1 of the word selected. CONT is the write control input. When WX and CO NT are both at logic 0, 
data o ri the 10 and 1 1 data lines are written into the addressed word. The read function is enabled when 
either WX or CONT is at logic 1 . 

An internal latch on the chip provides the write-while-read capability. When the latch control line, 
LATCH, is logic 1 and data is being read from the 82S21, the latch is effectively bypassed. The data at 
the output will be that of the addressed word. When LATCH goes from a logic 1 to a logic 0, the 
outputs are latched and remain latched regardless of the state of any other address or control line. 
When LATCH goes from to 1, the outputs unlatch and the outputs become that of the present 
address word. 
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CE 
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Wl 
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If LATCH = 1 : Data being written into the selected 
bit location and stored in other addressed location 
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8234 2-INPUT 4-BIT MULTIPLEXER 

The 8234 is a 2-input, 4-bit multiplexer designed for general-purpose data-selection applications. The 
8234 features inverting data paths. 
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6ND= PIN 8 
VCC = PIN 16 
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8266 2-INPUT, 4-BIT MULTIPLEXER 

The 8266 is a 2-input, 4-bit multiplexer. Input selection is controlled by the SO and SI select lines. 




LOGIC DIAGRAM 
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8613 QUAD, GATED D FLIP-FLOP 

The 8613 is a positive-edge-triggered, quad, gated D flip-flop with direct clear and gated inputs. The 
gate, if set to a logical 1 level, will inhibit data entry from the data input. 
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74LS139 DUAL, 2-LINE TO 4-LINE DECODER/DEMULTIPLEXER 

The 74LS139 is a dual, 2-line to 4-line decoder/demultiplexer. 
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(SAME FOR OTHER HALF) 
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74LS151 8-INPUT, DATA SELECTOR/MULTIPLEXER 

The 74LS151 is designed to be used in high-speed data routing appHcations. The element selects one of 
8 data inputs as directed by the binary address inputs and provides both true and complementary data 
when the strobe input goes low. 
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74LS157/74LS158 QUAD 2-INPUT DATA SELECTORS/MULTIPLEXERS 

The 74LS157 and 74LS158 are quadruple 2-input data selectors/multiplexers. The 74LS158 features 
inverting data paths. 
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Gnd = 18) 



LOGIC DIAGRAM (SHOWN FOR 74LS157) 
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74LS161 4-BIT BINARY COUNTER 

The 74LS161 is a synchronous, presettable, 4-bit binary counter. It has an internal carry look-ahead 
that enables totally synchronous high-speed counting. All counting flip-flops are triggered simulta- 
neously from a common clock buffer, counting on the positive-going edge of the clock input. 

All counters are synchronously presettable to either state. When the LD line is low, the next rising edge 
of the clock transfers into the counting register data present on the Dn lines. 

The clear function is asynchronous and a low on the CLR line sets all outputs low regardless of the 
state of the clock or of any other input. 
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74181 4-BIT ARITHMETIC LOGIC UNIT, ACTIVE HIGH DATA 

The 74181 performs up to 16 arithmetic and 16 logic functions. Arithmetic operations are selected by 
four function-select lines (SO, SI, S2, and S3) with a low-level voltage at the mode control input (M), 
and a low-level carry input. Logical operations are selected by the same four function-select lines 
except that the mode control input (M) must be high to disable the carry input. 

Subtraction is accomplished by I's complement addition where the I's complement of the subtrahend 
is generated internally. The resultant output is A-B-1, which requires an end-around or forced carry to 
provide A-B. 
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TABLE OF ARITHMETIC OPERATIONS 
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L 


L 


L 


f = A minus 1 


f = A 




L 


L 


H 


f = AB minus 1 


f = A + B 




L 


H 


L 


f = AB minus 1 


f =A + B 




L 


H 


H 


f = minus 1 (2'$ complement) 


f = minus 1 (2's complement) 




H 


L 


L 


f - A plus [A * B] 


f = A plus AB 




H 


L 


H 


f = ABplus [A + Bl 


f ^ [A + Bl plusAB 




H 


H 


L 


f = A minus B minus 1 


f = A minus B minus 1 




H 


H 


H 


f = A + B 


f = AB minus 1 


H 


L 


L 


L 


f = A plus [A + B] 


f = A plus AB 


H 


L 


L 


H 


f = A plus B 


f = A plus B 


H 


L 


H 


L 


f = ABplus [A + B] 


f = [A + Bl plus AB 


H 


L 


H 


H 


f = A + B 


f = AB minus 1 


H 


H 


L 


L 


f = A plus At 


f = A plus At 


H 


H 


L 


H 


f = AB plus A 


f = lA + Bl plus A 


H 


H 


H 


L 


f = AB plus A 


f = [A -)^ B] plus A 


H 


H 


H 


H 


f = A 


f = A minus 1 



With mode control (M) and Cj^ low 

t Each bit is shifted to the next more significant position. 
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74182 LOOK-AHEAD CARRY GENERATOR 

The 74182 Look-Ahead Carry Generator, when used with the 74181 ALU, provides carry look-ahead 
capability for up to n-bit words. Each 74182 generates the look-ahead (anticipated carry) across a 
group of four ALUs and, in addition, other carry look-ahead circuits may be employed to anticipate 
carry across sections of four look-ahead packages up to n-bits. 

Carry inputs and outputs of the 74181 ALU are in their true form, and the carry propagate (POUT) 
and carry generate (GOUT) are in negated form. 



PIN DESIGNATIONS 



Designation 


Pin No. 


Function 


G0,G1,G2,G3 


3,1,14,5 


ACTIVE-LOW CARRY GENERATE INPUTS 


P0,P1,P2, P3 


4, 2, 15. 6 


ACTIVE-LOW CARRY PROPAGATE INPUTS 


CIN 


13 


CARRY INPUT 


COUTX, COUTY, COUTZ 


12,11,9 


CARRY OUTPUTS 


GOUT 


10 


ACTIVE-LOW CARRY GENERATE OUTPUT 


POUT 


7 


ACTIVE-LOW CARRY PROPAGATE OUTPUT 


Vcc 


16 


SUPPLY VOLTAGE 


GND 


8 


GROUND 




06 



COUTZ 



74182 



G2 



P2 



14 



15 




13 



r 



COUTX 



CIN 74182 



60 



PC 



03 



04 



VCC= PIN 16 
GND= PIN 08 
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74LS194 4-BIT BIDIRECTIONAL SHIFT REGISTER 

The 74LS194 is a 4-bit bidirectional shift register. 

In the parallel-load mode, data is loaded into the associated flip-flop and appears at the outputs after 
the positive transition of the clock input. During loading, serial data flow is inhibited. Shift right is 
accomplished synchronously with the rising edge of the clock pulse when SO is high and SI is low. 
Serial data for this mode is entered at the shift-right data input (DSR). When SO is low and SI is high, 
data shifts left synchronously and new data is entered at the shift-left serial input (DSL). Clocking of 
the flip-flops is inhibited when both mode-control inputs are low. 



PARALLEL OUTPUTS 



vi>- 



t 

MODE 
CONTROL 

so> 



°H>- 



r-°C>-|s qa 

CLOCK 



CLEAR 



R0(1) 
o 
15 




=o 



V<;c=(16) 

GND = (8) 



6 
DSR 



6 
DO 



pO^S Q 



CLOCK 
R 



Rid) 
p 
14 




H>- 



6 
D1 



Si 
D2 



PARALLEL INPUTS 
LOGIC DIAGRAM 



S Oc 

CLOCK 

R 

CLEAR 



R2(1) 
p 
13 




r°0-|s °D 

CLOCK 



CLEAR 



R3(1) 
p 

12 




"6 
03 



DSL 





MODE CONTROL 


S1 


SO 


PARALLEL LOAD 


H 


H 


SHIFT RIGHT (IN THE DIRECTION Qfi, TOWARD Qq) 


L 


H 


SHIFT LEFT (IN THE DIRECTION Qp TOWARD 0^ ) 


H 


L 


INHIBIT CLOCK (DO NOTHING) 


L 


L 



rC-74LS194 
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74LS253 DUAL, 4-LINE TO 1-LINE DATA SELECTOR 

The 74LS253 is a dual, 4-line to 1-line data selector/multiplexer. 



CONT0 



DATA 
INPUTS 



A0 6 



B0 5 



C0 4 



D0 3 



rsi 2 



CONTROL 
INPUTS 



S0 



DATA 
INPUTS' 



At 10 



81 11 



CI 12 



C0NT1 



15 



t> 



t>-M>- 



H>T^ 



^> 



LOGIC DIAGRAM 



Hh 



X- DON'T CARE 
Z = HI IMPEDANCE 



TRUTH TABLE 



>1 




o 




3 



SI 


SO 


An 


Bn 


Cn 


Dn 


CONTn 


Fn 


X 


X 


X 


X 


X 


X 


HI 


2 


LO 


LO 


LO 


X 


X 


X 


LO 


LO 


LO 


LO 


HI 


X 


X 


X 


LO 


HI 


LO 


HI 


X 


LO 


X 


X 


LO 


LO 


LO 


HI 


X 


HI 


X 


X 


LO 


HI 


HI 


LO 


X 


X 


LO 


X 


LO 


LO 


HI 


LO 


X 


X 


HI 


X 


LO 


HI 


HI 


HI 


X 


X 


X 


LO 


LO 


LO 


HI 


HI 


X 


X 


X 


HI 


LO 


HI 



7 F0 




>■ OUTPUTS 



Vcc = (16) 
Gnd=(8) 



IC-74LS253 
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82S112 32-BIT, MULTIPORT MEMORY 

The 82S1 12 IC is a TTL, 32-bit, multiport memory organized in 8 words of 4 bits each. Stored data is 
addressed through 2 independent sets of 3-input decoders, and read out when the corresponding out- 
put enable line is low. Two separate word locations can, therefore, be read at the same time by 
enabling both the A and B output drivers. In addition, data can be read and written at the same time 
by utilizing the "A" address to specify the location of the word to be written, and the "B" address to 
specify the word to be read. 



DATA INPUT LINES 



WRITE 

CONTROL LINES ] R/w 



A' DECODER 
ADDRESS LINES 
( READ/ WRITE) 



B DECODER 
ADDRESS LINES ■ 
(READ ONLY) 



AE (OUTPUT ENABLE ) 




^A OUTPUTS 



>-B OUTPUTS 



BE (OUTPUT ENABLE ) 




17^ 



AE 
BE 



AS 
A1 
A2 
A3 

Bd 
B1 
B2 
B3 



AA2 AA1 AA0 BA2 BA1 BAB 



ej 5] 4J 18| 19[ 20| 
LOGIC REPRESENTATION 



13 

14 
15 
.16 



DATA IS WRITTEN_INTO WORD ADDRESSED BY 'A' DECODER WHEN 
R/W IS LO AND R/W IS HI. HIGH LEVEL IN APPEARS AS HIGH 
LEVEL OUT. 



FUNCTION TABLE 



R/W 


R/W 


AE 


BE 


MODE 


OUTPUTS 


A B 


LO 


X 


HI 


HI 


OUTPUTS 
DISABLED 


HI 


HI 


LO 


X 


HI 


LO 


READ 


HI 


DATA 


LO 


X 


LO 


HI 


READ 


DATA 


HI 


LO 


X 


LO 


LO 


READ 


DATA 


DATA 


HI 


HI 


HI 


HI 


READ 


HI 


HI 


HI 


HI 


HI 


LO 


READ 


HI 


DATA 


HI 


HI 


LO 


HI 


READ 


DATA 


HI 


HI 


HI 


LO 


LO 


READ 


DATA 


DATA 


HI 


LO 


HI 


HI 


WRITE 


HI 


HI 


HI 


LO 


HI 


LO 


WRITE 


HI 


DATAB 
ADDRESS 


HI 


LO 


LO 


HI 


WRITE 


DATA BEING 
WRITTEN 


HI 


HI 


LO 


LO 


LO 


WRITE 


DATA BEING 
WRITTEN 


DATAB 
ADDRESS 
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FPLA 

The FPLA (Field Programmable Logic Array) is a logic element designed to produce a sum of product 
terms at its outputs. The device has 14 inputs and 8 outputs. It can have as many as 48 product terms, 
each term having as many as 14 variables; each output provides a sum of selected product terms. The 
FPLA is functionally equivalent to a collection of AND gates which may be ORed at any of its 
outputs. Since some functions are more easily represented in their inverted form, the output level is 
also programmable to either a high or low active level. 

Figure ICFPLA shows a logic diagram, the logic representation, and a truth table of the FPP8-A 
FPLA. 



TRUTH TABLE 



00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 



INPUTS 


OUTPUTS 


113 


112 


111 


110 


109 


108 


107 


106 


105 


104 


103 102 101 


100 


F07 


F06 


FOS 


F04 F03 F02 


F01 


FOO 


H 


L 


H 


H 


H 


- 


- 


- 


- 


- 


- - 


- 


H 


- 


- 


- 


- L - 


L 


L 


H 


H 


L 


H 


H 




H 


H 


H 


- 


- - 


- 


H 


- 


- 


- 


- L L 


L 


- 


H 


H 


L 


H 


H 




H 


H 


L 


- 


_ „ 


- 


H 


- 


- 


- 


- L L 


L 


L 


H 


H 


H 


H 


H 




H 


H 


H 


- 


- - 


- 


H 


- 


- 


- 


L - - 


- 


- 


H 


H 


H 


H 


H 




H 


H 


L 


- 


_ . 


- 


H 


- 


^ 


- 


L - - 


L 


- 


H 


H 


L 


H 


H 




H 


L 


H 




- - 


- 


H 


- 


- 


- 


L - L 


- 


- 


H 


H 


L 


H 


H 




H 


L 


L 


~ 


- - 


- 


H 


- 


- 


- 


L L - 


- 


- 


H 


H 


H 


H 


H 


H 


H 


L 


H 


- 


- - 


~ 


H 


- 


L 


- 


L - - 


- 


- 


H 


H 


H 


H 


H 


H 


H 


L 


L 


- 


- - 


- 


H 


- 


- 


- 
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- 


L 


H 


L 


L 


H 


H 


- 


- 


- 


- 


- 


- - 


- 


H 


- 


- 


- 


L L L 


L 


- 


L 


H 


H 


H 


H 


- 


- 


- 


- 


- 


- - 


- 


H 


- 


- 
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L 
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- 


- 


H 


L 
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- 
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L 


H 


- 
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- - - 


- 


- 


- 


- 


- 


H 


L 


- 


- 
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- 


- 


- 


H 


H 


- 
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L 


- 


- 


- 


L 


H 


- 


- 


- 


- 


- 


- - 


- 


H 


- 


- 




- - L 


- 


- 


L 
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H 
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- 
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INPUT 
BUFFERS 








1 




22 




PRODUCT TERM ARRAY 

1344 PROGRAMMABLE 

ELEMENTS 

( 28X28 ) 


T 1 f\~- 
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1 










2 










3 










4 










5 










6 










7 










8 










9 










10 










11 





























"cc 



(24) 



GND = (12) 



OUTPUT ACTIVE 

LEVEL ARRAY 

8 PROGRAMMABLE 

ELEMENTS 

(8X1) 



SUMMING ARRAY 

384 PROGRAMMABLE 

ELEMENTS 

(8X48) 



OUTPUT 
BUFFERS 



15 



17 



18 



19 



-O F0 
-O F1 
-O F2 
-OF3 
-O F4 
-O F5 




20 



-O F6 



H « HIGH, L = LOW, '-■ = DON'T CARE, IF INPUT, OR NOT CONNECTED, IF OUTPUT 
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FPP8-A Maintenance Manual 
EK-FPP8A-MM-001 



Reader's Comments 



Your comments and suggestions will help us in our continuous effort to improve the quality and usefuhiess of 
our publications. 



z 

n 
u 

H 
H 

o 

Q 

z 
o 

H 
O 

O 



What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 
written, etc.? Is it easy to use? 



What features are most useful? 



What faults do you find with the manual? 



Etoes this manual satisfy the need you think it was intended to satisfy? 
Does it satisfy your needs? Why? 



Would you please indicate any factual errors you have found. 



Please describe yoiir position. 

Name , ; 

Street ^^ 

City State 



Organization 
Department . 



Zip or Country 



Fold Here 
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